Lathyrism and tooth development: an experimental study on foetal, nursing and weanling rats by Nanda, V.
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
The following full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/147637
 
 
 
Please be advised that this information was generated on 2017-12-05 and may be subject to
change.
l J ^ о 
LATHYRISM AND TOOTH 
DEVELOPMENT 
AN EXPERIMENTAL STUDY ON FOETAL, 
NURSING AND WEANLING RATS 
VEENA NANDA 

LATHYRISM A N D T O O T H D E V E L O P M E N T 
An experimental study on foetal, nursing and и eanlmg rats 
PROMOTORS : 
P R O F . D R . С . R . J E R U S A L E M 
PROF. A. J. VAN AMERONGEN 
LATHYRISM AND TOOTH 
DEVELOPMENT 
AN E X P E R I M E N T A L STUDY ON FOETAL, 
N U R S I N G AND W E A N L I N G RATS 
A DISSERTATION SUBMITTED TO FULFIL THE REQUIREMENTS FOR THE DEGREE 
OF DOCTOR OF MEDICINE AT THE UNIVERSITY OF NIJMEGEN, 
THE NETHERLANDS, TO BE DEFENDED IN PUBLIC ON 
FRIDAY THE 3OTH OF JANUARY I97O AT 4 P.M., ACCORDING 
TO THE DECISION OF THE SENATE, AND ON THE AUTHORITY 
OF THE RECTOR MAGNIFICUS DR. CH. M. A. KUYPER, 
PROFESSOR IN THE FACULTY OF MATHEMATICS AND PHYSICS, 
BY 
VEENA NANDA 
BORN IN S1ALKOT, INDIA 
DRUKKERIJ GEBR. JANSSEN N.V. NIJMEGEN, I97O 
PROMOTORES : 
P R O F . D R . С . R . J E R U S A L E M 
PROF. A. J. VAN AMERONGEN 
LATHYRISM AND TOOTH 
DEVELOPMENT 
AN E X P E R I M E N T A L STUDY ON FOETAL, 
N U R S I N G AND W E A N L I N G RATS 
PROEFSCHRIFT TER VERKRIJGING VAN DE GRAAD VAN DOCTOR IN DE 
GENEESKUNDE AAN DE KATHOLIEKE UNIVERSITEIT TE NIJMEGEN, 
OP GEZAG VAN DE RECTOR MAGNIFICUS DR. CH. M. A. KUYPER, 
HOOGLERAAR IN DE FACULTEIT DER WISKUNDE EN NATUURWETENSCHAPPEN 
VOLGENS BESLUIT VAN DE SENAAT IN HET OPENBAAR TE VERDEDIGEN 
OP 30 JANUARI I97O, DES NAMIDDAGS TE 4 UUR 
DOOR 
VEENA NANDA 
GEBOREN TE SIALKOT, INDIA 
DRUKKERIJ GEBR. JANSSEN N.V. NIJMEGEN, I97O 
From the Department of Conservative Dentistry (Head: Prof. A. J van Amerongen), School 
of Dentistry, Faculty of Medicine, University of Nymegen, The Netherlands. 
P R E F A C E 
Periodontal disease is one of the most common ailments encountered in dental 
practice, however its pathogenesis is far from being fully understood There 
are several factors e g malnutrition, blood dyscrasias, metabolic disorders and 
certain well defined agents which can lead to periodontal disease Several studies 
have been carried out and numerous divergent views have been expressed in 
the past to explain the nature, symptoms and features of this disease 
In the present investigation, an attempt has been made to study some features 
of the normal and abnormal periodontium during prenatal and postnatal 
periods in rats The abnormal periodontium has been produced by inducing 
congenital lathyrism, a disease primarily affecting the connective tissue Various 
techniques have been used to reveal morphological and functional differences 
between normal and lathyntic periodontium and the pathogenesis of perio-
dontal alterations, in the latter condition m rats changes are seen similar to 
those found in human beings The results of the present experiments may add 
some new data to the knowledge of the development of normal and lathyntic 
periodontium 
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C H A P T E R I 
G E N E R A L R E M A R K S ON LATHYRISM 
Lathynsm is a disease induced by the ingestion of certain Lathyrus pulses 
(seeds) or by treatment with the toxic principles of such pulses and related 
compounds There are two types of lathynsm The first type, known as 'neuro-
lathyrism' generally involves the central nervous system It is produced in man 
and animals after the consumption of one of the following three types of 
Lathyrus seeds, namely Lathyrus sativw:, Lathyrus cícera and Lathyrus clyme-
num. This type of lathynsm does not occur in rats (Acton and Chopra, 1922) 
The second type, known as 'osteolathynsm' can be produced in rats by feeding 
toxic nitnles of sweet pea seed origin The substances which have been shown 
to cause osteolathynsm include sweet pea seeds, namely Lathyrus odoratus 
(Geiger et al, Ι933)> Lathyrus pubillus (Lee, 1950), Lathyrus tingitanus (Lewis 
et al, 1948) or certain compounds such as beta- aminopropiomtrile, ammo-
acetonitnle, beta mercaptoethylamine, cystamme, semicarbazide and acetone 
semicarbazone (Milhser and Dasler, 1959) Osteolathynsm mostly affects ske­
letal tissues, primarily, bones, blood vessels, dental structures, skin and tendons 
G E O G R A P H I C D I S T R I B U T I O N 
Neurolathynsm has been found at some time or other in most parts of the 
world where toxic species of Lathyrus are in abundance Selye (1957) in his 
comprehensive review on the subject of lathynsm reported that the occurrence 
of this disease has been recorded ever since the beginning of recorded medical 
history. 
Chopra (1935) quoted an ancient Hindu text 'Bhavaprokasa' that 'the tnputa 
pulse causes a man to become lame and crippled and it irritates the nerves' 
Hippocrates wrote in his work on epidemics 'At Amos, all men and women 
who ate peas continuously became impotent in the legs and that state persisted' 
(Quoted by Selye, 1957) The endemic outbreaks of this disease have been 
reported in the \jUi and 18"1 centuries in countries such as France, Germany, 
Italy, Algeria and Spain (Selye, 1957). A comprehensive account of this disease 
was given by Sleeman (1844) who found it prevalent in certain provinces of 
Central India In India this disease is still present in some areas where the 
population consumes sweet peas as the major diet (Stockman, 1931, Shoune, 
1945, Rudra et al, 1952) 
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O S T E O L A T H Y R I S M 
Since the present study is related to osteolathynsm, a short review of this 
disease will be given 
Osteolathynsm was recognized by Geiger et al (1933) by feeding a Lathyrus 
odoratus diet to rats which developed deformities in long bones, spinal curva-
ture, distortion of the thoracic skeleton and hernias Later, Robinson and Bast 
(1934) confirmed the findings of Geiger et al (1933) and described the changes 
histologically 
Ponseti and Shepard (1954a) reported that lesions of osteolathynsm are si-
milar to the characteristics of various spontaneous skeletal diseases found in 
man such as kyphoscoliosis, slipped epiphyses, degenerative arthritis, and Pa-
get's disease They suggested that all of these lesions are frequently associated 
with inguinal hernias and dissecting aneurisms which suggests that Lathyrus 
odoratus produces systemic lesions of mesodermal tissues (Ponseti and Shepard, 
1954a, b) 
EFFECT ON P R E G N A N C Y A N D P R E N A T A L D E V E L O P M E N T 
Geiger et al (1933) mentioned that feeding of Lathyrus odoratus to the pregnant 
animals was the most effective means of producing resorptions and was a 
common cause of foetal death 
Stamler (i955a,b) reported that lathyrogens, when added to the diet of 
pregnant rats, caused death of the embryos in late intrauterine life (after I7 ,hday 
of gestation) They further added that death was associated with poor develop-
ment of the skeleton and other mesodermal tissues, and commonly resulted from 
rupture of thoracic aorta Walker and Wirtschafter (1956a) also arrived at a 
similar conclusion In a later study (1956b) they stated that the hormones of 
the oestron-groups, particularly when administered in combination, provided 
protection against the lathyrus factor responsible for resorptions 
Steffek et al (1968) found cleft palate, micrognathia and other skeletal mal-
formations in the embryos of rats fed with a lathyrus diet 
In summarizing, a general agreement exists in literature that a lathyrus diet 
fed to pregnant rats leads very often to resorption of embryos at a certain stage 
of development 
EFFECT ON THE CR ANIO-FACI A L AND ORAL TISSUES 
The cranial and maxillo-facial changes most widely reported m rats are perios-
teal new bone formations, such as voluminous exostoses at the sites of muscle 
insertions (Gardner et al, 1958, 1960b, Dasler, I954a,b,c, 1955, Selye, 1957) 
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The most common sites of these exostoses are at the coronoid, condylar and 
angular processes of the mandible, and at the occipital bone Other changes 
include degenerative arthritis of the mandibular condyle (Gaidner, 1959a) 
Osteolathynsm, it has been reported, causes a maldevelopment of the alveo-
lar bone In the alveolar bone, a decrease occurs in the distance between the 
cemento-enamel junction of the tooth and the alveolar crest Other changes 
found are decreased trabeculation, increase in the size of haemopoitic bone 
marrow spaces, excessive resorption and osteoclastic activity, osteoporosis of 
inter-radicular and interdental alveolar septa and cessation of the physiological 
distal drift of the molars (Gardner, 1959b) 
Disturbance in the enamel and dentin formation and cdlcification has also 
been reported by several workers (Selye and Bois, 1957, Gardner, 1964, Krikos, 
'959) Gardner (1966) showed changes in the cementum in the form of hyperce-
mentosis and the presence of a cementai spur at the cemento-enamel junction 
Osteolathynsm in rats also leads to several periodontal lesions, such as hyalini-
zation of periodontal fibres, swelling of fibroblasts, increased cytoplasmic baso-
philia and inclusion of eosinophilic bodies (Krikos et al, 1958, Gardner, 1960a) 
Similarly, it has been shown that osteolathynsm causes a decrease in the number 
of fibroblasts, swelling of collagen fibre bundles and hyahmzation ofthe gingival 
connective tissue (Gardner, 1959c) 
B I O C H E M I C A L S T U D I E S 
A brief review of biochemical studies will be given here as it will help to under-
stand better the lesions produced by osteolathynsm Most of these studies have 
been carried out to explain the pathogenesis of lathyrism, which even today is 
not fully understood 
Levene and Gross (1959) injected ß-aminopropionitnle to chick embryos and 
found no change in the concentration of collagen but reported a sharp increase 
in the amount of soluble collagen Similarly, Mikkonnen et al (i960) reported 
a five-fold increase in the alkali soluble collagen in the rats fed with a sweet 
pea diet 
Levene (1962) in another study put forward the hypothesis that lathyrogenic 
agents act by blocking carbonyl groups on the collagen molecule, thus prevent-
ing cross-linking which is essential for normal maturation 
Hausmann (1963) confirmed that the lathyntic lesions are produced due to 
a defect in the intermolecular bonding of collagen fibrils Gerber et al (1962) 
studied normal and lathyntic rats with the help of proline-U-C14 and concluded 
that conversion of the soluble to insoluble collagen is impaired in lathyrism 
Tänzer and Gross (1964), on the other hand, found no interference by lathy-
•3 
rism on the collagen synthesis or fibril formation. They found a marked fluctua-
tion in the incorporation of labelled amino-acids into the chick bone collagen. 
Herd and Orbison (1966) studied lathyrism in foetal rats. They concluded that 
the primary effect of lathyrogens is an impairment of the formation of elastin 
at the time of its first appearance in the foetus. McCallum and Paul (1961) 
reported an inability of lathyrogen treated chick fibroblasts to elaborate elas-
tic fibres in tissue cultures. 
Ponseti and Shepard (1954) postulated that a defective formation or excessive 
destruction of chondroitm sulphate is one of the main factors responsible for 
lathyritic lesions. Contrary to these investigators, Bélanger (1958) found in his 
autoradiographic experiments an equal or slightly higher sulphate fixation in 
lathyritic rats and chicks compared to the normals. Pedrini-Milli and Pedrini 
(1965) observed a decrease m the content of galactosamine in the lathyritic rats 
while the glucosamine content remained the same as in the controls. On the 
basis of their observations they concluded that only chondroitin sulphate A and 
С are affected by lathyrogens. 
Amato and Bambelh (1959) claimed that alkaline phosphatase activity in­
creases in lathyritic cartilage, but Ramamurti and Taylor (1958) found no 
change from the normal. 
The above short review and the comprehensive reviews of Selye (1957), 
Gardner (1964) and Tänzer (1965) show that although lathyrism has been 
studied extensively in laboratory animals, the cause of the disease is far from 
being fully known. 
Most of the above mentioned studies have been conducted on rats after birth. 
Few studies have been carried out during foetal life. But, to our knowledge, 
so far no attempt has been made to study the rats after birth whose mothers 
were fed with a lathyrogen during pregnancy. In the present study the dental 
structure of the rats from lathyrogen fed mothers was studied during the pre-
natal and postnatal life. 
Such a study can show the onset of dental lesions during prenatal life and 
their development after birth. It is expected that the present experiments con-
ducted with the help of light and electron microscopic, and autoradiographic 
techniques will present some new insight regarding the production of dental 
lesions of lathyrism and the possible cause of their occurrence. 
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CHAPTER II 
M A T E R I A L A N D M E T H O D S 
In this chapter a brief description of the material and methods, employed in 
the experiments reported in the present thesis, will be given The individual 
details of each experiment will be given in the pertinent chapters 
G E N E R A L R E M A R K S 
The animals 
The wistar strain of albino rats was employed in all the experiments of the pre­
sent study The rat was chosen as an experimental animal because of its reported 
susceptibility to osteolathyrism (Geiger et al, Ι933) R a t s w e r e obtained from 
T N O * , Delft, the Netherlands and were bred in the central animal laboratory 
of the University of Nijmegen (Head Dr M J Dobbelaar) 
Age determination and breeding 
Groups of three to four female rats (weighing between 200 and 250 grams) 
were kept overnight with one male Sufficient groups were employed to expect 
5 to 10 pregnant rats Vaginal smears were made in the morning to confirm 
conception In positive cases the day following the mating was indicated as 
day 0 of pregnancy The pregnant rats were caged apart in groups of 3 to 4 
and were fed with Hope Farms* * standard diet Water was available ad libitum 
Immediately after birth the litter number was reduced by random selection 
to five The animals were numbered by the toe amputation method (Reitsma, 
1963) The litter was nourished by the mother until day 20 after birth, when 
the experimental groups of animals were caged separately 
Grouping 
The pregnant rats were divided into two groups, one serving as the experimental 
and the other as the control group The experimental group received amino-
* Τ N О De Centrale Organisatie voor Toegepast Natuurwetenschappelijk Onderzoek 
The Centra] Organization for Applied Scientific Research in the Netherlands 
** Hope Farms Standard Laboratory Diet R Μ Η -В, Hope Farms, Leiden, The Netherlands 
IS 
acetonitrile hydrogen sulphate* in order to produce symptoms of lathynsm 
Preliminary experiments were carried out to determine the dosage and period 
of administration (Chapter III) The control group received a normal diet 
Weighing 
Weighing was always performed at the same time in the morning It was carried 
out with a Berkel type E balance, with a scale division in half grams Depending 
upon the nature of the experiment, the pregnant rats were sacrificed by deca­
pitation on different days of pregnancy The recovered embryos were examined 
with the naked eye and with the help of a dissection microscope 
Adrenal gland η eight 
The adrenal glands of both the experimental and control rats were weighed on 
different days after birth Before weighing, fat was carefully removed from the 
adrenals and then the excess moisture was removed by drying on a filter paper 
Adrenals were weighed 3 to 4 times on the Mettler Η i6 balance, to the nearest 
0 1 mg Repeated weighings of one organ showed no significant difference 
H I S T O L O G I C T E C H N i y i l E S 
The heads of the embryos were fixed in 'Susa' (according to Heidenhain) or 
Bourn's solution, and were embedded in paraffin The heads were cut serially 
either in frontal or in sagittal planes The thickness of the sections was уцт 
In the case of newborn and older animals, after sacrifice their jaws were 
dissected free and fixed in 'Susa' or ethanol (96%) After a fixation period of 
3 to 4 days they were decalcified in trichloracetic acid for 2 to 3 weeks The 
degree of decalcification was noted by periodic roentgenograms The sections 
were cut after employing similar procedures as described for embryo heads 
The sections were stained with haematoxylin-eosm (Delafield), according to 
van Gieson's and Goldner's method, Wilder's silver impregnation method and 
with orcein, toluidme blue and peracetic orcein Halmi (Fullmer, 1959) stains 
A U T O R A D I O G R A P H I C T E C H N I Q U E S 
Tnlialed thymidine * * 
It was injected directly into the amniotic sac of the living embryos of normal 
as well as drug treated rats on days 14, 18 and 19 of gestation, in order to study 
the dynamics of cell proliferation at different stages of tooth development 
* Formula NHiCbbCNb bhSCh, mol wt 154 14 Fluka 
** Radiochemical Center, Amersham, England Thymidine (methyl T)5ci/mM,T RA 120 
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The pregnant rats were anaesthetized by ether and the abdomen was opened 
by an incision of about 3 cm length. The first 3 embryos of the right horn were 
gently taken out with the intact uterus and 20 цсі of tritiated thymidine was 
injected into the amniotic sac of each embryo by an extra thin needle. After 
this, the uterus was placed back in the peritoneal cavity and the incised area 
was sutured. 
The rats were anaesthetized again 5 hours after injection, the sutures were 
opened and the embryos taken out. The embryos in whose amniotic sac the 
isotope was injected were fixed in Bouin's solution, dehydrated, embedded 
in paraffin and sectioned serially. The corresponding sections of the experimen­
tal and control groups were placed on one slide to avoid differences in technical 
processing. 
Autoradiographs were prepared using the dipping film method with Ilford 
K.-5 in gel form. The exposure time was three weeks. The sections were stained 
with methyl green pyronine, toluidine blue and haematoxylin-eosin. 
Radioactive sulphate * 
35S-sulphate was employed to study the metabolism of sulphated mucopoly­
saccharides in the normal and lathyritic rats. It was administered to pregnant 
rats by a single intraperitoneal injection. The dosage was 1 \ic\lgm body weight 
of the pregnant rat. The rats were sacrificed after 48 hours. The sections were 
prepared as described above. The autoradiographs were made using the stripp­
ing film Kodak AR io. The exposure time was 2 to 3 weeks. The sections were 
stained with haematoxylin-eosin (Mayer) and toluidine blue (Bergeron, 1958). 
EVALUATION OF THE AUTORADIOGRAPHS 
Tritiated thymidine 
On each stage of tooth development (initiation, cap, and bell stages) at least 
eight sections from different embryos were examined. The number of labelled 
and unlabelled nuclei was determined in a definite area (10 mm2). Only those 
cells were quoted labelled which had more than 8 grains. 
Radioactive sulphate 
8 sections of each stage of tooth development were examined under the mi­
croscope and 0, ± , + , + + , + + + and + + + + gradings were given for no, 
* Radiochemical Center, Amersham, England. Sodium Sulphate-"S, S.J. 162, 100 mCi/mM. 
I? 
occasional, low, moderate, considerable and high 35S-sulphate uptake. The 
sections were examined by 2 workers and the mean of the scores given by both 
was employed in the study. 
TECHNIQUE FOR ELECTRON MICROSCOPY 
The animals were anaesthetized with ether or nembutal. 0.1 ml of NaNoz was 
injected into the heart and 500 units of heparin were injected into the jugular 
vein. The thorax was opened and a polythene catheter was put in the left 
ventricle. The blood was washed out with physiologic saline solution and then 
phosphate buffered glutaraldehyde was perfused in the animal for 15 minutes 
to 1 hour. The dorsal aorta was clamped during the period of perfusion. 
After perfusion, the embryo heads were dissected and transferred to buffered 
glutaraldehyde (at 40C) for four hours. For decalcification the tooth buds from 
the embryo heads were incubated in 4% EDTA (pH 7 to 7.4) at 4°С for 1 to 
2 days. After decalcification the tooth buds were washed in a washing buffer. 
Then the material was post-fixed in osmium tetraoxide (2%), dehydrated in 
series of alcohol (30, 50, 70, 90 and 100%) and embedded in Epon 812. 
1 μηι thick sections were made for survey orientation and then the area of 
interest was sectioned (500 to 800 Λ) with an ultramicrotome L.K..B. Ill (type 
880 I A). Sections were floated on water and from there transferred to colloidin 
carbon coated copper grids and double stained with uranil acetate 6.7% 
(20 minutes) and lead citrate 0.25% (20 seconds). The sections were exa­
mined and photographed with a Philips E.M. 300 electron microscope. 
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CHAPTER UI 
GENERAL EFFECTS OF A LATHYROGEN 
I N T R O D U C T I O N 
Osteolathynsm has been produced in rats, mostly after birth, by giving them 
a diet of sweet peas or by administering via various modes one of the many 
lathyntic agents Little work has been done in the past to produce osteolathy-
nsm in the offspring by giving lathyntic agents to pregnant animals The diffi-
culties encountered in such a procedure are to find an effective optimal dose, 
together with a mode and period of administration which will not result in 
complete resorption or the death of the embryos It has also been shown that 
besides these factors, differences in strains of animals, composition of diets and 
seasonal variations can also alter the seventy of the teratogenicity of a drug 
(Fraser, 1964, Nanda, 1969) 
The experiments described in the present thesis mainly deal with the off-
spring of the AAN* treated Wistar albino rats Thus, it was considered ne-
cessary to conduct preliminary experiments to find out the dose, mode and 
period of administration of AAN, which will induce lathyrism with minimal 
foetal resorptions and minimal associated malformations The present chapter 
also includes the experiments performed to study the effect of AAN on the 
body weight and adrenal weight of the offspring of AAN treated rats in com-
parison with an untreated control group Such experiments will help m ela-
borating the findings of the later experiments concerning the development of 
the periodontium 
M A T E R I A L A N D M E T H O D S 
A total of 54 pregnant rats was used to find out an effective dose, mode and 
period of administration of AAN which will produce minimal foetal resorp-
tions The rats were divided into two broad groups control and experimental 
The experimental group was further subdivided into several subgroups as shown 
in Table III-i The control group of 10 rats received a normal diet and was 
kept in cages apart from the rats of the experimental group 
* For simplicity the term AAN will be used instead of ammoacetomtnle 
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TABLE iii-i. The effect of different doses, modes and periods of administration of ammo-
acetonitrile on pregnant rats 
Groups 
Control 
Experimental 
Subgroup 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
Dosage 
(mg) 
_ 
2 
2 
2 
5 
5 
5 
10 
10 
Mode of 
Admini­
stration 
_ 
IIP* 
I/P 
IV/** 
I/P 
I/P 
I/V 
I/P 
I/P 
Period of 
Gestation 
(days) 
_ 
1-20 
9-20 
9-20 
1-20 
9-20 
9-20 
1-20 
9-20 
Mother 
Rats 
( n o ) 
[ 0 
5 
6 
5 
7 
5 
5 
6 
5 
Resorbed F 
Implantation 
Sites (no ) 
2 
18 
7 
34 
39 
4 
all resorbed 
all resorbed 
13 
Living 
Embryos 
(no) 
ΙΟΙ 
27(60%) 
43(86%) 
7(17.07%) 
14(26.41%) 
41(91.11%) 
0 ( 0 % ) 
0 ( 0 % ) 
3 2 ( 7 5 · 4 ) 
= intraperitoneal injection 
= intravenous injection 
= includes embryos found dead after sacrificing mother rats 
The experimental rats received 2 to ю mg AAN, once a day, via intraperi­
toneal or intravenous routes during various periods of gestation. The details 
are shown in Table III-i. The rats belonging to the experimental group were 
caged apart according to the subgroups. 
At birth the offsprings were examined for any visible malformations like 
syndactyly, cleft palate etc. When at term no rats were recovered from a 
pregnant rat, it was killed by decapitation and was examined for embryonic 
resorptions. The embryos found dead at birth, were also termed as 'resorbed'. 
The nursing period of the litters was 20 days and thereafter they were kept 
apart according to their group. 
The body weight of 15 offsprings of the control group and 15 offsprings of 
the subgroup V was taken daily till the 45tl1 day after birth. The results were 
treated statistically and the Student't' test was performed to study whether the 
differences between the two groups were significant or not. 
The adrenal gland weights of the normal and the experimental rats were record­
ed on 15, 20, 30, 40 and 45 days after birth. The rats used for this purpose were 
offsprings of 10 control rats and the experimental rats were obtained from 15 
pregnant rats who were given 5 mg AAN, once a day, intraperitoneally from 
day 9 to 20 of gestation. 
2 0 
FINDINGS 
Doses, modes and periods of administration 
Table III-i represents the effect of different doses, modes and periods of ad­
ministration of AAN to the pregnant rats The control group showed only 
2 resorptions and the rest of the embryos were normal and healthy. 
Results obtained after the two different pathways of administration of AAN 
(intraperitoneal and intravenous) showed that the intravenous route was too 
detrimental to the pregnant rats, as in subgroup III only 7 embryos out of 
41 implantation sites survived and in subgroup VI all the embryos were found 
to be resorbed When io mg of AAN was administered, the intravenous route 
was not employed on the basis of the aforementioned findings. 
Only two periods of gestation, 1 e from day ι to 20 and from day 9 to 20, 
were employed in the present experiment. 
Table III-i shows that when the drug was administered from day 1 of 
pregnancy, the number of resorbed embryos was higher than when it was 
started from the day 9 of gestation. In subgroup VII when 10 mg of AAN 
was given to pregnant rats from day 1 to 20 of gestation no living offspring 
was obtained Table III-i shows that 2 mg and 5 mg AAN produced 86% and 
91.11 % of living embryos respectively when the intraperitoneal route was em­
ployed The io mg dose produced less living embryos in comparison with the 
lower doses No detectable malformations were seen at birth in the offsprings 
of both groups An examination of the oral cavity showed no cleft palate or 
any other macroscopic anomaly. 
TABLE 111-2 Differences in mean body weight of normal and lathyntic rats at different ages 
Age 
After" 
birth 
(days) 
birth 
5 
10 
15 
20 
25 
30 
35 
40 
45 
* _ 
η s = 
Cc 
Mean 
Value 
(gms) 
5 2 9 
10 29 
1 9 6 6 
3 0 9 7 
39 45 
55 · 4 
72 70 
91 o8 
10998 
131 55 
mtrol* 
Standard 
Deviation 
0 46 
0 5 7 
1 61 
1 81 
2 2 9 
2 5 3 
2 8 3 
2 13 
5 6 7 
3 8 6 
total number of rats 15 each 
not significant 
Lathyntic* 
Mean 
Value 
(gms) 
4 8 6 
9 10 
145З 
2 9 7 0 
3 8 7 8 
51 76 
62 70 
81 53 
101 80 
П 9 93 
Standard 
Deviation 
1 20 
0 7 1 
1 37 
1 6 5 
2 7 3 
1 81 
. 8 9 
2 5 8 
4 72 
5 3 2 
't'-value of 
difference 
between two 
means 
1 29 
4 97 
9 3 8 
2 0 1 
0 73 
4 2 1 
11 38 
1 1 0 6 
4 2 9 
6 8 4 
Probability 
n.s 
P < 0 0 0 [ 
p < o 001 
η s 
η s 
ρ < ο ο ο ι 
ρ < ο ο ο ι 
p < o o o i 
p < o o o i 
p < o o o i 
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Weight ( g ) 
140-1 
ill-i Mean hodv vteighl of comiol and lalhviilic tais at different ages 
Body weight 
The effect of AAN on the body weight is shown in Table III-2 and Fig Ill-r 
The experimental rats had less weight at all ages in comparison with the rats 
of the control group The 't' values showed that except at birth and on the 15 
and 20 days of age, the differences between the mean body weight of the control 
and the experimental groups were significant Fig III-i shows that a 'catch-up' 
phenomenon occurred from day 10 to 20 after birth in the experimental group, 
but after this period the mean weight values of the experimental group remained 
less than those of the control group 
Adrenal weight 
When the adrenal weights of the normal and experimental groups were com-
pared a phenomenon which was the reverse of the influence on body weight 
was seen On day 15 the mean adrenal weight of the experimental rats was 
significantly less than in the control (t = 685, p < o o o i ) , but on day 20 the 
22 
70 -| 
6 0 -
5 0 ^ 
4 0 -
3 0 -
2 0 -
10-i 
T I L V ir l£ 
• ^— . 
O 
S* 
?> • 
Control 
Lathyritic 
Not significant 
^ ^ 
ι ι — ι 1 г 
15 20 25 30 35 40 45 
Days 
llj-2 Mean weight of the adrenal glands of conti ol and lathyntic rats at different ages 
TABLE III-3 Differences in mean adrenal weight of normal and lathyritic rats at different ages 
Age 
After 
birth 
(days) 
•5 
2 0 
3 0 
4 0 
45 
Number 
of 
rats 
2 0 
21 
18 
19 
19 
Control 
Mean 
Value 
(gms) 
1 3 2 0 
1 3 2 8 
1 7 5 5 
22 06 
24 18 
Stand 
Devia­
tion 
1 20 
1 10 
2 14 
1 64 
2 3 2 
Number 
of 
rats 
20 
18 
21 
21 
2 2 
Lathyritic 
Mean 
Value 
(gms) 
986 
1 3 2 9 
22 20 
26 22 
31 35 
Stand 
Devia­
tion 
1 54 
1 23 
2 7 9 
3 1 9 
5 0 3 
't'-value of 
difference 
between 
two means 
685 
0 0 2 
5 1 8 
4 7 
5 3 0 
Probability 
Ρ - Ό Ο Ο Ι 
n s 
ρ -.0 001 
ρ - .0 OOI 
ρ < 0 001 
η s = not significant 
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mean values were almost identical (Table ΙΠ-3) After day 20, a constant in­
crease in the weight of the adrenals of the experimental group was recorded 
(Fig III-2) The differences were found to be statistically significant 
DISCUSSION 
The findings of the present experiments reveal that the dose, mode and period 
of administration of AAN to pregnant rats determines the percentage of living 
offspring and resorption of implantation sites or death of embryos during any 
stage of pregnancy The administration period of day 1 to 20 appeared highly 
critical as almost all the embryos were found to have resorbed This showed 
that AAN is highly teratogenic during the implantation and the developmental 
stages These findings agree with the observations of Walker and Wirtschafter 
(1956a), who stated that the period between the start and termination of a 
Lathyrus odoratus pea diet determines the grade of resorption of rat embryos 
When AAN was administered intrapentoneally from day 9 of gestation, the 
incidence of resorbed embryos was significantly less This indicates that when 
the administration of AAN is started at that stage of the development of the 
embryo when organization of the cells of the different organs is taking place, 
the offspring has a better chance to survive 
Intravenous administration was found to be too critical as only very few 
embryos survived (untili birth) This is possible because the absorption of any 
drug is quicker when injected directly into the blood stream, thus the resulting 
high level of the teratogenic drug in the blood may lead to death of the embryos 
or even of the mother An intraperitoneal route was found to be adequate 
for this study as the majority of the embryos survived when AAN was given 
from day 9 to 20 of gestation 
The dose of the AAN was not found to be as critical as the route and period 
of administration The percentage of living offspring decreased only when more 
than 5 mg of AAN was administered to the pregnant rats 
In the present experiments AAN did not cause any detectable malformation 
in the offspring when examined at birth This finding does not support the ob­
servations of Ponseti and Baird (1952), Churchill et al (1955) and Steffek et al 
(1968) who found multiple foetal malformations of the limbs, vertebral column, 
haemorrhages, micrognathia and cleft palate These differences can be attri­
buted to the extremely high doses employed by these investigators to study the 
teratogenic effect of the Lathyrus seeds or of the lathyrus factor Furthermore, 
the differences may be due to the different types of rodents, and the different 
route and period of administration of AAN employed in the present study 
Since it is out of scope of the present chapter, the discussion of the present 
findings and those of the others will not be evaluated at length, as our expen-
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merits were only conducted to obtain an optimal dose, mode and period of 
administration of AAN which will produce minimal foetal resorptions or gross 
anomalies. 
The findings concerning the body weight and adrenal weight of the control 
and experimental groups will be compared with the results of other studies. It 
should be mentioned here that in no other study the offsprings of the AAN 
treated rats have been studied as was done in the present investigation. In the 
past, investigators have administered lathyrogen to animals after birth and then 
compared their body weights and adrenal weights with the corresponding 
normal rats. 
The mean body weight of the experimental rats was significantly less except 
at birth and at the ages of 15 and 20 days. This showed a tendency of recovery 
in the experimental group as the mean increment between the days 10 and 15 
was 15.17 gm compared with 11.31 gm of the control group. Marwah et al 
(1963) noted that after stopping BAPN* diet to rats the body weight gain was 
22.8% in the first week and 30.0% in the second week of recovery, whereas 
the control group gained at the rates of 21 % and 13% during the same two 
weeks. Barrington and Meyer (1966) also reported a higher increase in body 
weight of the experimental animals during the recovery period. These findings 
can be compared to some extent with the present ones where this trend was 
noted between days 10 and 15. But after the nursing period, i.e. 20 days after 
birth, the mean differences in the body weight of the two groups of the present 
study remained significant and no such phenomenon of recovery was observed, 
as was noted by the above mentioned investigators. 
The mean adrenal weights ofthe experimental groups were significantly higher 
than that ofthe controls from day 20 onwards. The most interesting observation 
was that there were distinct differences between the mean body and adrenal 
weights at the age of 20 days, i.e. the end ofthe nursing period. This observation 
and the reverse relation ofthe mean body and adrenal weights ofthe control and 
experimental groups after the age of 20 days suggests a close relationship be-
tween the adrenal hypertrophy and the lower body weights ofthe experimental 
groups. This shows that the constant lower body weight after the age of 20 days 
may be a reaction to stress under conditions of adrenal insufficiency. Dasler 
(1954b) also found statistically significant differences between the adrenal 
weights ofthe normal and the Lathyrus seed fed rats. A possible explanation for 
an increase in the weight of adrenals can be a defect of some specific enzymes 
responsible for the synthesis of cortisone. This defect could have decreased the 
output of cortisone, which in turn can stimulate the production of ACTH. It 
has been shown that an increased output of ACTH can lead to hypertrophy 
ofthe adrenal glands. 
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CHAPlER IV 
THE EFFECT OF THE LATHYROGEN ON PRENATAL 
DEVELOPMENT OF MOLAR TOOTH GERMS 
I N T R O D U C T I O N 
The prime aim of the present investigation is to study the development of the 
periodontium m the lathyntic rats, because almost no work has been done on 
this subject on the laboratory animals treated with lathyntic agents during 
pregnancy Since in this study lathyrogen is given only during prenatal life and 
discontinued after birth, it was necessary to examine in detail the deviations, 
if any, from normal during intra-uterme life and their possible effects on the 
later tooth development 
The development of the molar tooth buds and the periodontium was also 
studied m the normal embryos, in order to obtain a uniform control material 
regarding animal, strain, environment, technique and operator for comparing 
the findings of the normal group with the experimental group It is hoped that 
the findings of the experiments described in this chapter will throw some new 
light on the prenatal development of molar tooth buds and the periodontium 
in the embryos of the lathyntic animals 
M A T E R I A L A N D M E T H O D S 
A total of 48 pregnant rats was employed in the present study Twenty-two rats 
belonged to the control group and 26 rats to the experimental group The ex­
perimental group received 5 mg of AAN, once a day, intrapentoneally from 
day 9 till the day of their sacrifice, but not after day 20 of gestation Two 
pregnant rats each from the control and experimental groups were sacrificed 
each day by decapitation from days 12 to 22 of gestation, except on the days 
13, 17 and 22 of pregnancy when 3 experimental rats were sacrificed on each 
day The embryos were recovered and fixed in Bourn's solution Two to three 
embryos from each rat were embedded in paraffin and 7цт thick sections were 
cut The sections were stained with haematoxyhn-eosm 
Jn total, 41 and 46 embryos from the control and experimental groups, 
respectively, were studied histologically 
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ιν-1. Normal ral emhryo. Frontal section of 
the first molar tooth bud (initiation stage). 
The dental lamina has a tubular appearance, 
surrounded by mesenchyme. Haematoxylin-
eosin. X $00. 
IV-2. Lathyritic rat embryo. Frontal section 
of the first molar tooth bud (initiation stage). 
The epithelial cells are vacuolated and show 
rounded nuclei. Decreased condensation of 
mesenchyme. Haematoxylin-eosin. X joo. 
iv-3. Lathyritic rat embryo. Frontal section 
of the first molar tooth hud (initiation stage). 
Note the split between the epithelium and 
mesenchyme most probably caused by fixa­
tion 'conditioned shrinking' of all tissue com­
ponents. Haematoxylin-eosin. X 280. 
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ιν-φ Normal rat embryo. Frontal section of the first molar tooth bud (cap stage). The dental 
organ is crescent-shaped. Note the blood vessels surrounding the dental lamina. Haematoxylin-
eosln. X 240. 
F I N D I N G S 
Stages of tooth development 
The findings have been described according to the stages of tooth development 
and not according to the age of the embryos. This was done primarily to ex­
plain the findings in an established coordinated-form, at the various levels of 
tooth development. This eliminated the differences between the embryos of the 
same age, usually seen when compared according to the chronological age. 
The stages were as follows: 
A. Initiation stage 
B. Cap stage 
C. Bell stage 
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iv-5. Lathyritic rat embryo. Fronlal section of the first molar tooth bud (cap stage). Note the 
vacuolation of the epithelial cells, loss of stratification of the dental lamina and dilatation of 
the blood vessels. Haemaloxylin-eosin. X 240. 
A. Initiation stage 
In early periods of the initiation stage of the first molar tooth bud of the normal 
embryos, the oral epithelium penetrated the connective tissue and gave the 
appearance of a solid tubular-like structure when seen in cross section. 
The penetrating epithelium consisted of two layers of columnar cells (Fig. 
IV-i). The nuclei were spindle shaped and extended from the basal to the apical 
end of the ceil. The cytoplasm was basophilic and granular. The basal half of the 
dental lamina showed more cells undergoing mitosis than the proximal half. 
The mesenchymal cells, consisting of fibroblasts, surrounded the dental lamina 
and were condensed around the basal end. With the advancement of age the 
dental lamina became thick and elongated. 
In the experimental embryos the epithelium of the dental lamina (Fig. IV-2) 
was also composed of two layers, but the cells of the outer epithelial layer 
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iv-6. /ρ day old normal rat embryo. Frontal section showing palatal (P) and maxillary (M) 
areas. Haematoxylin-eosin. X 75. 
appeared swollen and their cytoplasm had a vacuolated appearance. The nuclei 
were rounded and were situated at the proximal end. The fibroblastic mesen­
chymal cells surrounding the dental lamina appeared sparse in number as 
compared to the normals. The oral epithelium also showed intracellular vacuo-
lation. The cells of the germinal layer of the oral epithelium were cuboidal and 
not columnar as seen in the controls. 
In some experimental animals there was a pyknotic or hydropic degeneration 
of the cells of the epithelium and mesenchyme, and in some specimens a split 
was observed between the mesenchyme and epithelium (Fig. IV-3). 
B. Cap stage 
As the growth of the normal embryos progressed, there was an appearance of 
crescent-like structure (dental organ) attached to the oral mucosa by the dental 
lamina (Fig. IV-4). The oral mucosa consisted of one layer each of squamous 
and round epithelial cells. The histology of the dental lamina was the same as 
in the previous stage except that a penetration of blood vessels was seen in the 
surrounding connective tissue. 
The dental organ was composed of three layers: outer enamel epithelium, 
consisting of small columnar cells with elongated nuclei and strong basophilic 
cytoplasm; a basal layer oftall columnar cells active in the process of mitosis 
and the central layer of the dental organ being composed of undifferentiated 
mesenchymal cells. With age the condensation of young fibroblasts increased 
in the area of concavity and also along the sides of the enamel organ. 
In the embryos from the lathyritic animals, the cells of the oral epithelium 
were vacuolated and swollen. The oral epithelium and the dental lamina showed 
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iv-7. 19 day old ¡athyrilic rat embryo. Frontal section showing palatal and maxillary areas. 
Disorganization and malformation of palatal and maxillary bone. Haematoxylin-eosin. X 75. 
no stratification. The cells of the outer enamel epithelium (Fig. IV-5) were 
swollen and cuboidal in shape with rounded nuclei in the centre of the cells, 
as compared to the spindle-shaped nuclei of the controls. The blood vessels 
were observed penetrating the outer surface of the dental organ but were dilated 
and haemorrhages were evident (Fig. IV-5). The nuclei showed karyorrhexis. 
The mesenchyme showed proliferation, but less as compared to the normal 
specimens. With increase in age, the fibroblasts and the mesenchymal cells 
appeared hydropic and showed signs of degeneration. The bony encapsulation 
was considerably less than in the controls. In some instances there was a com-
plete disorganisation of the palatal and mandibular areas. There was a presence 
of osteoid tissue but no fibrils and trabeculae could be seen (Figs. 1V-6 and 7). 
С Bell stage 
The cells of the oral epithelium in the normals showed cornification at this 
stage. The dental lamina showed the same arrangement of the cells as in the 
previous stage. The central cells of the dental organ showed signs of ageing and 
were less in number. There was an appearance of microvacuoles which joined 
and formed macrovacuoles. This part of the dental organ is known as the stellate 
reticulum. The cells of the inner enamel epithelium appeared viable. The vas­
cularity of the dental papilla and the bony encapsulation of the dental organ 
was considerably more developed than in the previous stage (Figs. IV-8 and 9). 
In the experimental embryos the cells of the oral epithelium did not differen­
tiate into keratinising epithelium at this stage. The epithelial cells showed no 
typical stratification but a pseudo-stratified-like arrangement. The central cells 
of the dental organ showed ageing and vacuolation but to a much greater ex­
tent than in the normals. The stratum intermedium was from one to four cell 
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iv-8 
iv-8. Normal rat embryo. Frontal section of the first molar tooth bud. Bell stage, showing 
distinctly four different cell layers, the outer enamel epithelium (OEE), inner enamel epithelium 
(IEE), stratum intermedium (SI) and stellate reticulum (SR). Note the penetration of blood 
vessels (BV) in the dental papilla. Haematoxylin-eosin. X ¡70. 
layers thick and irregular in arrangement. The dental papilla appeared to be 
highly vascularised, the capillaries were distinctly dilated and haemorrhagic 
infiltrations were seen (Figs. IV-10 and 11). The number of mesenchymal cells 
of the papilla was much less than in the normals. In some cases there was very 
little differentiation between the cell layers of the epithelium and papilla. 
Bony encapsulation was slow and the number of trabeculae was less as com-
pared to the normals. The cells of the dental lamina showed swelling and dis-
arrangement. 
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iv-9 
IV-9. Normal rat embryo. First molar tooth hud in bell stage showing well developed stratum 
intermedium (SI) and stellate reticulum (SR). Haematoxylin-eosin. X 170. 
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IV-1 о. Lathyritic rat embryo. First molar tooth bud in bell stage. Irregular stratum intermedium 
(SI) and outer enamel epithelium (OEE). Haematoxylin-eosin. X 160. 
DISCUSSION 
The information obtained on the prenatal development of the molar tooth germ 
was found to be in general agreement with those of other investigators (Glass-
tone, 1938; Hay, 1961; Schour and Massler, 1949; Mellanby, 1939; Lefkowitz 
et al., 1953). The discussion of the present findings will be limited to the differen­
ces in normal and lathyritic embryos and their possible implications. 
The oral and dental epithelial cells of the lathyritic embryos were swollen 
and had a vacuolated appearance in comparison to the normal embryos. Besides 
this, several epithelial cells showed pyknotic and hydropic degeneration. Kar-
nosvky and Karnovsky (1961), Levene and Gross (1959), Dasler (1957) and 
Borie et al. (1959) reported that the cells and tissues have a higher water con­
tent in the lathyritic animals. Levene and Gross (1959), Mikkonen et a!, (i960) 
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iv-ll . Lathyritic rat embryo. First molar tooth hud in bell stage. Note the dilation of blood 
vessels (BV) in the dental papilla (DP). X 160. 
and Kulonen (1961) observed that the amount of salt-free collagen increases 
appreciably in the lathyritic animals. Gardner (1959c) also found in the enamel 
organ of the third molar of the lathyritic young rats oedema of the papillary 
and ameloblastic layers, intracellular vacuolation and pyknosis of nuclei. 
The findings of these authors suggest that the swollen appearance and vacuol-
ation of the epithelial cells might be due to an increase in the water and glycogen 
content of the cells. This could lead to the loss of stratified arrangement, which 
was observed in the oral and dental epithelium of the lathyritic embryos of the 
present experiment. 
The disturbed metabolism of the epithelial cells of the lathyritic embryos 
could be due to inhibition of enzymatic processes (Pedrini and Pedrini-Milli, 
1959) or oxygen uptake (Juva et al., 1959); also this could have been the cause 
of their pyknotic and hydropic degeneration. Mager et al. (i960) found a 
similar nonspecific degeneration of chick and mouse fibroblasts cultivated in 
vitro, e.g. swelling of nuclei, rounding of the cells and later fragmentation of 
the cellwall. This effect was found to have decreased with age. The importance 
of stratum intermedium has been stressed by various investigators (Waldayer, 
1871 ; Marsland, 1952; Johnson and Bevelander, 1957; Hunt and Paynter(i963) 
in the development and calcification of the enamel. In the present study the 
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Stratum intermedium of the lathyritic embryos was not well differentiated and 
the cells were comparatively less in number, thus a disturbance in the future 
development of the enamel can be expected. 
In several experimental specimens a split was observed between the epithelial 
and mesenchymal layers that is between the dental organ and dental papilla. 
Coslet and Cohen (1967, 1968) described that cytoplasmic extensions and re-
ticular fibers from the basal cell layer penetrated into the mesenchyme of the 
oral epithelium, which made this junction complex. It is possible that ajunction 
of a similar nature exists between the dental organ and dental papilla which 
did not develop or was destroyed due to disturbed metabolism or by direct 
action of the toxins produced by the lathyritic agent. 
In the mesenchyme of the dental papilla and dental sac of the lathyritic 
embryos, there was a decrease in the number of cells as compared to the normal 
ones. This disturbance could also show itself later in the form of maldevelop-
ment of the dental pulp, periodontal membrane or alveolar bone. These changes 
became evident during the cap stage whereas epithelial disturbance was noticed 
in the initiation stage, as early as the 13th day of gestation. This suggests that the 
first effect of the lathyrogen is on the epithelium of the molar tooth buds and 
later on the mesenchyme. This leads to the assumption that the dental epithelium 
provides an induction factor for the underlysing mesenchyme to differentiate 
into various structures. In the case of disturbance in the epithelial layer, as was 
noticed in the present study, the development and differentiation of the mesen-
chyme will not be normal. Recent in vitro experiments on epithelial-mesenchy-
mal interactions concerning development of the tooth buds, support our as-
sumption (Koch, 1967; Huggins et al., 1934; Slavkin and Bavetta, 1968). 
Contrary to our findings and assumptions most of the previous investigators 
(Ponseti and Shepard, 1954; Gardner, 1960a; Levene and Gross, 1959) have 
been of the opinion that the basic toxic effect of the lathyrogen is on the 
mesenchyme and other connective tissue components of the body. 
It is very difficult to account for the haemorrhages found in the embryos and 
extravasation of red blood cells. It can be postulated that a similar junction, 
as has been reported in the oral epithelium (Coslet and Cohen, 1967, '68), 
exists in the endothelium and mesenchymal lining of the capillaries which 
might have been destroyed by the action of lathyrogen. 
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CHAPTER V 
THE EFFECT OF THE LATHYROGEN ON 
THE METABOLISM OF 
SULPHATED MUCOPOLYSACCHARIDES 
INTRODUCTION 
When the findings of the previous chapters are summarized, it can be stated 
that AAN causes or may cause disorganization of the cellular structure, loss 
oF stratification, periodontal lesions, abnormal bone formation and delayed 
calcification. Besides these malformations, it has been shown by several inves-
tigators that lathyrogens cause slipping of the articular surfaces (Ponseti and 
Shepard, 1954b, Selye, 1957) detachment of tendinous and ligamentous inser-
tions (Ponseti and Shepard, 1954b), and hypertrophy of cartilage (Geiger et al, 
1933)· However, the mechanism by which the syndrome of lathyrism occurs is 
still unknown It has been suggested that either a change in the ground sub-
stance may be responsible (Menzies and Mills, 1957, Ham, i960) or an altera-
tion in collagen fibril formation (Hurley and Ham, 1959, Levene and Gross, 
1959) 
It has been demonstrated that 3SS-sulphate is rapidly incorporated into 
tissues which may reasonably be expected to produce and contain sulphated 
acid mucopolysaccharides such as bone, cartilage and dentin (Bostrom and 
Odeblad, 1953, Bélanger, 1954) In autoradiographs, labelling obtained from 
organically bound 35S-sulphate is generally equated with the presence of la-
belled sulphated mucopolysaccharides (Dziewiatkowski, 1964) Kennedy and 
Kennedy (1957) demonstrated inorganic 35S-sulphate incorporation in organic 
form in matrices of dentin and enamel, and in ground substance of pulp and 
stellate reticulum They postulated a cellular origin of sulphated mucopoly-
saccharides for ameloblasts, odontoblasts, the cells of the pulp and stellate 
reticulum 
Besides inorganic 35S-sulphate, the matabolism of sulphated mucopolysac-
charides has been studied by histochemical and biochemical methods During 
the last two decades several investigations have been conducted to demonstrate 
the altered or unaltered metabolism of sulphated mucopolysaccharides after 
the administration of 35S-sulphate to lathyrogen treated animals 
Ponseti and Shepard (1954a) suggested that the cause of lathyntic lesions 
may be a defective formation or an excessive destruction of chondroitin sul-
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phate of the ground substance. Menzies and Mills (1957) found an accumulation 
of chondroitin sulphate with general breakdown of supporting structures, such 
as collagen fibres in the AAN treated animals. Kennedy and Kennedy (1962) 
reported that AAN primarily affects chondroitin sulphate A and C, as they 
found considerably less labelling in areas where these two compounds were 
reported to be in abundance. Karnovsky and Karnovsky (1961) demonstrated 
less 35S-sulphate uptake in the epiphyses of the long bones of the AAN treated 
animals. 
Contrary to the above mentioned results, Ponseti el al. (i956a,b) showed 
that the deposition of J5S-sulphate was almost in equal amounts in lathyritic 
as well as in control animals. Similarly Bélanger (1958) reported that the 
35S-sulphate incorporation per individual cell in vivo, was equal or slightly 
higher than seen in normal animals. 
To our knowledge only Kennedy and Kennedy (1963) have studied the dental 
lesions of lathyrism in rats with the help of an autoradiographic technique. 
They stated that AAN did not inhibit the cellular utilization of 35S-sulphate, 
and its general distribution was similar to that of the control specimens. 
In view of the conflicting results of the above mentioned investigations, it 
was considered important to study the metabolism of sulphated mucopoly-
saccharides of the organs and areas found malformed after the administration 
of AAN. It is expected that the present experiments employing 35S-sulphate 
will help in giving some insight into the mechanism of production of the dental 
and other connective tissue lesions of lathyrism. 
MATERIAL AND METHODS 
For the present experiment a total number of 16 pregnant rats was employed. 
The rats were equally divided into control and experimental groups. The expe-
rimental group received 5 mg of AAN, once a day, intraperitoneally from day 
9 to 20 of gestation. 35S-sodium sulphate was injected intraperitoneally to rats 
belonging to both groups on day 19 of gestation. The dose of 35S-sulphate 
administered was ι ц с ^ т body weight of the pregnant rat. The rats were 
sacrificed 48 hours after the isotope injection, i.e. on the day 21 of gestation. 
Three embryos from each 35S-sulphate treated rat were embedded, sectioned 
and prepared for autoradiographic examination. For the present experiment, 
the day 21 of gestation was chosen because on this day all the three stages of 
prenatal tooth development could be studied. The first molar on this day is in 
the bell stage, the second molar in the cap stage and the third molar is in the 
initiation stage. 
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F I N D I N G S 
A utoradiographic findings 
A. Initiation stage: Table V-i and Figs. V-i, 2, 3 and 4 show the qualitative 
and microscopic results of the uptake of 35S-sulphate in the dental organ. The 
third molar dental organ of the normal embryos showed a moderate amount of 
^S-sulphate incorporation (Figs. V-i and 2). 
A similar intensity of 35S-sulphate uptake was observed in the outer and inner 
epithelial layers. The dental sac showed considerable isotope uptake which was 
slightly higher than in the inner and outer epithelial layers. 
Contrary to the normal embryos almost no labelling was observed in the 
inner epithelium and dental sac of the embryos of the AAN treated mothers. 
The outer epithelium showed occasional low uptake (Figs. V-3 and 4). 
B. Cap stage (Table V-i): In the cap stage of the second molar of the normal 
embryos (Fig. V-5), the inner and outer enamel epithelium and stellate reticulum 
showed a moderate ^S-sulphate uptake. The labelling was consistent all over 
these layers and in no area an abnormal concentration of isotope uptake was 
seen. As compared to these layers the mesenchymal areas, comprising dental 
papilla and dental sac, showed considerable labelling. The area of the dental 
TABLE v-i. Uptake of J*S-sulphate in 21 day old embryos as estimated by intensity of auto­
radiographic images 
TISSUE 
Inner enamel epithelium 
Outer enamel epithelium 
Stellate reticulum 
Dental papilla 
Dental sac 
Odontoblasts 
Stratum intermedium 
Maxillary bone* 
Mandibular bone* 
Nasal septum* 
Initiation stage 
Normal Lathy-
ritic 
1 — 0 
+ + 1 
1 1 + 0 
— -
Cap stage 
Normal Lathy-
1
 1 
+ + 
4 h 
! 1 1 
4 t + 
ritic 
1 
+ 
+ 
4-
+ 
Bell stage 
Normal 
H + 
+ 
I 
+ ^ + 
+ + 
+ + 
-
L
- ι ^ 
-1 4 + 
+ + + + 
Lathy-
ritic 
+ 
± 
= 
+ + 
+ 
\ + 
+ 
+ + 
1 + 
Λ 1 + 
о = no uptake; 4 = occasional low uptake; 
= low uptake; -1-- - moderate uptake; + I + = considerable uptake; 
+ -1- -J- -J- = high uptake, 
* = dilTerent stages not applicable. 
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v-i . 21 day old normal rat embryo. "S-sulphate given on igibday. Third molar tooth huds (MB) 
in initiation stage. Note labelled maxillary ( M) and mandibular bony areas (MA). Toluidine 
blue. X 60. 
v-2. Higher magnification of the outlined area of the upper molar tooth bud in Fig. V-i. High 
intensity of labelling in tooth bud (MB) and trabeculae of maxillary bone (M). Toluidine 
blue. X 200. 
sac adjacent to the outer enamel epithelium showed a much higher uptake 
of isotope than the areas farther from it. The dental papilla also showed 
higher labelling in the future odontoblastic zone. This zone appeared almost 
black because of the heavy intensity of the labelling. 
The inner and outer enamel epithelium, dental papilla and dental sac of the 
embryos of AAN administered rats (Fig. V-6) showed a low uptake of 35S-sul-
phate. Moreover, the labelling was not regularly distributed, as certain areas 
were more labelled than the others. The last mentioned phenomenon was found 
at random distribution and it was not specific to certain areas. The stellate 
reticulum showed a slightly higher uptake of isotope as compared to the ad-
joining areas. 
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v-3. 21 day old lathyritic ral embryo. lsS-sulphate given on /p t h day. Malformed bone is clearly 
visible in maxillary (M) and mandibular areas (MA). Toolh buds (MB) are in initiation stage. 
Toluidine blue. X во. 
v-4. Higher magnification of the outlined area of the lower molar tooth bud in Fig. V-J. Intensity 
of labelling is less in the outer and inner epithelial layers. Toluidine blue. X 200. 
C. Bell stage (Table V-i): In the normal first molar tooth buds (Fig. V-7), the 
inner enamel epithelium showed a moderate uptake of 3SS-sulphate; almost 
similar in intensity as was seen for the initiation and cap stages in the з г и and 
2n d molars respectively. Contrary to this, the outer enamel epithelium showed 
a low uptake as compared to the previous stages of tooth development. Similar­
ly, very slight labelling was found in the stellate reticulum, as compared to the 
cap stage. The dental papilla and sac showed moderate to considerable uptake. 
The odontoblastic layer in this stage showed considerable labelling. 
In the first molar tooth buds (Fig. V-8) of the experimental embryos, occa­
sional low labelling was noticed in the outer enamel epithelium and stellate 
reticulum. The inner enamel epithelium, dental sac and stratum intermedium 
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v-5. 21 day old normal rat embryo. 3*S-sidphale given on iç,b day. Note the intensi!)' of labelling 
in different parts of the dental organ. Toluidine blue. X 275. 
showed low uptake of 35S-sulphate. The dental papilla and odontoblastic layer, 
however, showed moderate labelling. The overall uptake of isotope, except in 
the stellate reticulum, was considerably less in the first molar buds of the 
embryos of AAN treated rats. 
3 5S-SULPHATE UPTAKE IN CARTILAGINOUS AND BONY ARES 
In addition to molar tooth buds, an assessment of isotope uptake in the nasal 
septum and the mandibular and maxillary bones was also made. The nasal 
cartilage of the normal embryos showed highest uptake as compared to the 
other areas of embryo. In the experimental embryos, the labelling in the nasal 
cartilage was distinctly less than in the normals (Figs. V-9 and 10). The bony 
4^ 
v-6. 21 day old lathyritìc rat embryo. 3SS-sulphate given on içth day. Tooth hud in cap stage. 
The intensity of labelling is distinctly less than in the cap stage of the normal rat embryo shown 
in Fig. V-5. Toluidine blue. X 275. 
areas of the mandible and maxilla of the normal embryos also showed com-
paratively greater uptake of isotope as compared with the experimental embryos 
(Figs. V-i and 3). In both normal and experimental embryos the uptake was 
considerable on the periphery of the trabeculae, especially in the areas of new 
bone formation. 
3 5S-SULPHATE UPTAKE IN MAST CELLS 
In the normal skin, the mast cells were present in large number showing a high 
degree of metachromasia and very high uptake of 35S-sulphate (Fig. V-i 1). In 
the skin of AAN treated rat embryos the mast cells were few in number and 
showed either a very weak or no uptake at all (Fig. V-12). 
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v-7. Normal first molar tooth hud in hell stage. Low intensity of label in stellate reticulum 
(SR) and outer enamel epithelium (OEE) : moderate uptake in inner enamel epithelium (IEE), 
dental sac ( DS) and stratum intermedium (SI) ; considerable uptake in odontoblastic area (OA) 
and dental papilla (DP). Toluidine blue. X 160. 
44 
v-8 
::V^m^^^ 
v-8. Lathyritic first molar loolh bud in hell stage. Low uptake of the label in outer (OEE/ and 
inner enamel epithelium (¡ЕЕ), stellate reticulum (SR), dental sac (DS), and stratum inter­
medium (SI): moderate uptake in odontoblastic area (OA) and dental papilla (DP). Toluidine 
blue. Χ 160. 
45 
v-g. 21 day normal rat embryo. The nasal septum ( NS) is highly labelled. Tolnidine blue. X }$, 
v-io. 21 day old lathyritic rat embryo. The label in the nasal septum ( NS) is distinctly lower 
as compared with fig. У-<). Toluidine blue. X 35. 
D I S C U S S I O N 
The experiments of the present chapter revealed clear differences in the intensity 
of 35S-suiphate uptake in the embryos of normal and AAN treated rats. The in­
tensity of 35S-sulphate uptake at the initiation stage in the tooth buds of the 
experimental embryos ranged from negligible to very low. The difference was 
remarkable in the dental sac area, as in this area no activity was seen in the 
experimental embryos while normal embryos showed a considerable uptake. 
Similarly, in the cap and bell stages of the dental development, the uptake of 
35S-sulphate was less in the embryos of AAN treated rats. 
Sobel (1955) reported that sulphated mucopolysaccharides appear wherever 
calcification takes place, namely in the dentin, enamel, bone and in abnormal 
calcification of the arteries. Similarly, the role of sulphated mucopolysaccharides 
in calcification has been emphasized by others (Dziewiatkowski, 1952; Engfeldt 
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et al., 1954). Kennedy and Kennedy (1957) studied the incorporation of 
35S-sulphate in adult, foetal and suckling rodent teeth. They postulated a 
cellular origin of the organic sulphated compounds and showed their synthesis 
in the odontoblasts, ameloblasts, and in the cells of the dental pulp and stellate 
reticulum. They suggested that sulphated mucopolysaccharides may play a part 
in the mechanism of calcification of the dentin and enamel. Contrary to these 
studies, Sognnaes (1955) suggested that sulphated mucopolysaccharides may 
serve in maintaining certain regions in an uncalcified state and provide meta-
bolic pathways through relatively avascular and acellular structures. 
In the present experiments labelling was observed in the cells of the inner 
and outer enamel epithelium and in all other components of the dental organ. 
This suggested a cellular origin and synthesis of the sulphated mucopolysaccha-
rides. However, it is difficult to state whether the sulphated compounds were 
present in organic or inorganic form. Kennedy and Kennedy (1957) postulated 
that in their experiments 35S-sulphate was present in an organic form, as their 
autoradiographic results were obtained mainly from decalcified preparations. In 
the present experiments, due to the embryonic nature of the material no decal-
cification was done. However, the present results support the theory of cellular 
synthesis of sulphated mucopolysaccharides outlined by Kennedy and Kennedy 
(1957)· 
Contrary to the findings of the normal group, 35S-sulphate uptake was con-
siderably less in the embryos of AAN treated rats, showing a disturbed syn-
thesis and metabolism of sulphated mucopolysaccharides. When these results 
are interpolated with those of Sobel (1955), it can be suggested that disturbed 
calcification of enamel and dentin observed in the adult experimental rats 
(Gardner, 1964) and disturbed sulphated mucopolysaccharide metabolism, have 
a direct relationship. 
Marsland (1951) stated that the ameloblasts and stratum intermedium form 
a functional unit concerned with the formation of matrix. Bélanger (1954, '55) 
showed the presence of radioactive sulphate in the ameloblasts and suggested 
that only the ameloblasts of large type are capable of 35S-sulphate synthesis 
and secretion. 
In the present study, the cells of the inner enamel epithelium showed a con-
sistent moderate isotope uptake in all the three stages. The stratum intermedium 
also showed moderate activity. However, no localization effect of 35S-sulphate 
uptake concerning the size of cells was observed. In the AAN treated group, 
evidence of sulphation in the inner enamel epithelium appeared late, i.e. in the 
cap stage, and in the next stage no increase in the 35S-sulphate uptake was 
noticed. Similarly, the cells of the stratum intermedium showed a weak uptake. 
The histologic findings of Chapter IV showed that the cells of the dental organ 
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v- l i . Skin of 21 day old normal rat embryo. The size of masi cells is large and labelling is 
intense. Toluidine blue. X 60. 
V-12. Skin of 21 day old lathyritic rat embryo. The size of mast cells is small and the intensity 
of labelling is low. Toluidine blue. X 60. 
were large, vacuolated, for which an increase in the water content has been 
postulated (Borie et al., 1959). A combination of histologic and autoradiogra-
phic results confirms the views expressed by Gardner (1964) that lathyrogen 
disturbs the calcification and the pattern of the enamel and dentin formation. 
Similarly, a disturbed sulphated mucopolysaccharide metabolism and syn-
thesis observed in odontoblasts, dental sac and dental papilla can explain the 
disturbance in the periodontal ligament and alveolar bone of the teeth of ex-
perimental rats. Kennedy and Kennedy (1963) studied the dental lesions of 
lathyrism in the rat with the help of 35S-sulphate and reported that the admin-
istration of AAN to the weanling rats did not inhibit the cellular utilization 
of 35S-sulphate. This observation is not in agreement with our results. The 
possible explanation which can be given is that the administration of a drug 
in excessive doses during pregnancy acts as a teratogen; effects of which on 
offspring may be of permanent nature, whereas, the same drug during postnatal 
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life to young rats may act as a toxic agent which may or may not produce 
maleflects (of permanent or temporary nature). 
With the exception of the above mentioned study of Kennedy and Kennedy 
(1963), no other investigation has been conducted to study the effect of AAN 
on prenatal dental development with the help of 35S-sulphate However, several 
in vivo and in vitro investigations have been carried out on other body tissues 
to study the metabolism of sulphated mucopolysaccharides in AAN treated 
animals The majority of these studies do not agree with each other, as has been 
reported in the introduction of this chapter 
Bickley and Orbison (1964) found a higher uptake of 3SS-suIphate by Strain L 
fibroblast treated m vitro with lathyrogen. They suggested that a lower uptake 
of 3SS-sulphate found by others (Karnovsky and Karnovsky, 1961, Shintani 
and Taylor, 1962) was possible, as the cells in vivo experiments die and are 
not metabolically active because of the large doses. They supported their con-
tention with the findings of Follis and Tousimis ( 1958) who found after 48 hours 
of exposure to 20 mg daily dose of AAN, a reduction of the epiphysis into a 
'pulpy mass' The results of the present study do not support the 'hypothesis' of 
Bickley and Orbison (1964) as an incorporation of 35S-sulphate was found in 
cartilage, bone and cells of the dental organ of the embryos of the AAN treated 
rats, suggesting a synthesis of sulphated mucopolysaccharides, it was less only 
when compared with the normal embryos Moreover, the embryos from the 
AAN treated rats survived and showed maldevelopment of the tooth perio-
dontium and bony areas 
The mode of action of AAN on the synthesis of mucopolysaccharides and 
especially calcification is still not clear Robinson and Watson (1953) showed 
by electron microscopic examination of bone tissue, the connection of the 
double bands of collagen fibres by mineral crystal deposits on mucopolysaccha-
nde-protein bridges Kennedy and Kennedy (1967) suggested on the basis of 
observations of the above mentioned authors that in lathynsm the mucopoly-
sacchande-protem bridges may not be formed completely or may be formed 
abnormally, thereby weakening the fibre structure and calcification of the 
matrix 
The results of the present study showed the presence of a large number of 
mast cells in the skin of control animals with a high amount of 35S-sulphate 
uptake, whereas in the experimental animals these cells were reduced, degener-
ated and showed very little uptake of 35S-sulphate Bostrom (1953) also ob-
served mast cells with a high uptake of 35S-sulphate in rat skin The incorpora-
tion of 35S-sulphate in the mast cells is suggested to be caused by the presence 
of sulphate groups of heparin and heparm-hke substances (Holmgren and 
Wilander, 1937) Various contradictory explanations regarding functions of 
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mast cells have been postulated Absoe-Hansen (1950) gave the explanation 
that they produce hyaluronic acid, perhaps by way of a heparm-hke precursor 
and under some hormonal influence Silbert and Brown (1961) were of the 
opinion that mast cells synthétise glucosaminoglycans which are found inter-
cellularly Although there is diversity of opinion regarding the function of mast 
cells, it can be stated definitely that they play a part in the synthesis of ground 
substance Since in the experimental specimens of the present study the mast 
cells were less in number, degenerated and vacuolated, it is possible that they 
might have played a part in the disturbance of the ground substance 
Besides the malefTect of lathynsm on the acid mucopolysaccharide meta-
bolism, it has been shown that it also leads to a marked increase in the amount 
of extractable salt and alkali-soluble collagen (Levene and Gross, 1959, Mik-
konen et al, i960), failure of collagen fibres to form large bundles (Knkos and 
Orbison, i960) and increase of serum hexosamines and mucoprotein levels 
(Grant el al, i960) Thus, it is not possible to pinpoint that lathyrogens cause 
all malformations only due to disturbed metabolism and synthesis of sulphated 
mucopolysaccharides The results of the present study only suggest thai disturb-
ed acid mucopolysaccharide metabolism actively contributes in the complex 
nature of anomalies found in the lathyntic animals 
Kennedy and Kennedy (1963) suggested that the lesions of lathynsm appear 
most frequently in young animals and in their opinion AAN has its target in 
the growing tissues where cellular proliferation is maximal The experiments 
described in Chapter IX will show the effect of AAN on the proliferation ability 
of the cells 
SO 
CHAPTER VI 
THE E F F E C T OF C O N G E N I T A L LATHYRISM 
ON THE G I N G I V A 
INTRODUCTION 
To our knowledge, no study has reported the effect of congenital lathynsm 
on the gingiva Moreover, it has been studied by only two investigators in 
lathyntic rats, when lathyrogen was administered after the birth Knkos et al 
(1958) administered 0 2 % ß-aminopropionitnle to 21 day old female Wistar 
albino rats and reported a lack of influence of the lathynsm on the gingival 
epithelium and lamina propria Contrary to these findings, Gardner et al (1958) 
observed that administration of a 50% sweet pea diet to Sprague Dawley rats, 
for 1 to 3 weeks, induces changes in the connective tissue of the gingiva The 
changes included a decrease m the number of fibroblasts, swelling and homo-
genization of collagen bundles 
The present experiments were conducted to study the gingiva of normal rats 
and 'lathyntic rats' - whose mothers were fed with a lathyntic agent during 
pregnancy 
MATERIAL AND Mf-THODS 
A total of 28 rats was used as the experimental group These rats were obtained 
from 8 mothers who had received 5 mg of AAN, once a day, from day 9 to 
20 of pregnancy The contiol group consisted of 20 normal rats The rats were 
sacrificed by decapitation on days 40 and 45 The upper and lower jaws were 
dissected out, and were prepared for histological examination The different 
stains used were haematoxylin-eosin, pei acetic orcein Halmi, orcein, van Gieson 
and silver impregnation (Wilder) 
F I N D I N G S 
The epithelium 
In the normal rats the gingival epithelium had a distinct four cell layer arrange-
ment The layers were compact and showed keratimzation The letepeg forma-
si 
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vi-1. Gingiva of a normal 40 day old rat showing slender long retepegs and the epithelial lining 
of the gingival sulcus (CS). The reticular fibres ( RF) are surrounding the retepegs and sulcus 
epithelium. WUder's silver stain. X 250. 
vi-2. Gingiva of a lathyritic 40 day old rat. The retepegs are thick and bulky. Note the sulcus 
epithelium and reticular fibres (RF). Wilder's silver stain. X 250. 
tion was clear and penetrated quite deep towards the oral side. The retepegs 
were long and slender. The epithelium lining the gingival sulcus increased in 
thickness from the cervical to the coronal surface, from 2 to 6 layers (Fig. VI-1). 
In the experimental animals the epithelium was not composed of four distinct 
cell layers. The epithelium showed a pseudo-stratified-like arrangement. The 
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different cell layers were loosely arranged and the keratmization process had 
not clearly progressed as in the control animals The retepegs were bulky and 
were much broader than of the normals The epithelium lining the gingival 
sulcus was not very well developed and showed a steep increase in thickness 
from one to several layers (Fig VI-2) 
The mesenchyme 
In control animals the elastic fibres in the gingival submucosa were larger in 
number towards the oral epithelium and showed a decrease towards the site 
of the gingival sulcus (as seen from the orcein and peracetic orcein Halmi stain 
(Fig VI-3) 
In the experimental rats the elastic fibres of the gingival submucosa were much 
less than in the controls (Fig VI-4) 
The blood vessels in the normal animals were large in number and showed a 
well developed lumen and were distinctly surrounded by elastic fibres (Fig VI-5) 
In the experimental rats the blood vessels were much less in number than in 
the controls, their lumen was congested, the surrounding elastic fibres were 
thin and shorter (Fig VI-6) 
As revealed by van Gieson stain, in the control rats bundles of collagen fibres 
were seen running in a distinct wavy pattern from the cemento-enamel junction 
into the mesenchyme of the gingiva (Fig VI-7) In the experimental rats only 
very fine collagen fibres which had no definite orientation were seen running 
in the gingiva (Fig VI-8) The amorphous ground substance appeared to be 
red in colour which could not be observed in the controls 
In normal rats, very fine fan-like arranged fibres which showed characteristic 
staining properties of collagen fibres could be seen in the periodontal ligament, 
at the site of cemento-enamel junction (Fig VII-7) No such structure was seen 
in the experimental rats although there was a presence of liquefied masses of 
an amorphous substance which had the staining characteristics of collagen 
(Fig VII-8) 
The examination of silver impregnated sections of the normal rats revealed 
the presence of very fine reticular fibres which were seen following the pattern 
of retepegs (Fig Vl-i) In the experimental rats a very thick bundle of fibres 
was observed following the contour of retepegs and the lining of the gingival 
sulcus The reticular fibres were also present in considerable numbers in the 
substance of the gingiva (Fig VI-2) 
The toluidme blue stained sections revealed the presence of large amounts 
of metachromatic mast cells which had a strongly basophilic granular cytoplasm 
In the ground substance there was a moderate degree of metachromasia In the 
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vi-3. Gingiva of a normal 45 day old ral. There are large numbers of elastic fibres (EF). Peracelic 
orcein Halmi slain. X 240. 
experimental rats the number of mast cells was much less than in the controls. 
The degree of metachromasia and the number of granules in the cytoplasm was 
also less than in the controls. 
DISCUSSION 
The results of the present experiment showed in comparison with normal rats 
distinct differences in the epithelium and connective tissue of the gingiva of the 
rats whose mothers received 5 mg of AAN from day 9 to 20 of pregnancy. 
The findings do not support the observations of Krikos el a!. (1958) who found 
no gingival changes in rats fed with ß-aminopropionitrile. Our results partly 
support those of Gardner et al. (1958) who found slight changes in the gingival 
connective tissue after feeding Lathyrus odoratus diet to rats for 1 to 3 weeks. 
These authors, however, did not find an increase in the abnormal gingival 
changes after a prolonged period of feeding. 
Our findings also do not support the observations of the majority of the 
investigators who have worked in the field of lathyrism. This can be explained 
by two facts. Firstly, the workers who have studied the effect of lathyrism during 
the prenatal period on embryos reported that an effect on the fibres appears 
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νι-φ Gingiva of a lathyritic 4; day old rat. The elastic fibres are distinctly less as compared 
with Fig. VI-3 of the normals. Peracetic orcein Halmi stain. X 240. 
only when the lathyrogen is administered to the pregnant rats beyond the 
16th day of gestation (Stamier, 1955a, b; Ponseti and Shepard, 1954). Secondly, 
it has been shown that the effect of lathyrism during the nursing period is of 
temporary nature and there is a recovery in 3 weeks (Marwah et al., 1963; 
Barrington and Meyer, 1966). 
Our present experiments and those described in the previous chapters have 
clearly shown that the prenatal changes are evident from the i2 , h and i3 , h day 
on and after birth till the 45 t h day, as was shown in the gingiva. This shows 
that the maleffects of lathyritic agents during inrauterine life are of a permanent 
nature. Selye (1957) postulated that tissues which have a more proliferative 
tendency are more affected by a lathyrogen. Since the growth rate of embryonic 
tissues is higher than that of weanling or young rats, it can be expected that 
the maleffects of administering drugs in intrauterine life can be more severe 
and rather more of a permanent nature. 
It has been shown that lathyrism causes degenerative changes in the elastic 
fibres of the aorta in rats (Ponseti and Baird, 1952; Menzies and Mills, 1957; 
Ham, 1962), mice (Dasler and Milliser, 1957) and turkeys (Simpson et ai, 
1962). Also in the present study the elastic fibres were found to be less in the 
lathyritic rats. Moreover, the lumen of the blood vessels appeared to be dilated 
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VI-5. Gingiva of the normal 45 day old rat. The blood vessels (BV) are well formed. Peracelic 
orcein Halmi slain. X /So. 
vi-6. Gingiva of the lathyritic 45 day old rat, showing deviation in form and decreased number 
of blood vessels ( BV). The surrounding elastic fibres are thin and short. Peracetic orcein Halmi 
stain. X 180. 
VI-7. Gingiva of the normal 45 day old rat. The wavy collagen fibre bundles (CF) are running 
in the mesenchyme of the gingiva, van Gieson stain. X 300. 
vi-8. Gingiva of the lathyritic 45 day old rat. The collagen fibres (CF) are fine with no definite 
orientation, van Gieson stain. X 300. 
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and congested. It has been suggested that the cause of these defects is an in-
terruption of the normal cross-linking of collagen and inhibition of biosynthesis 
of desmosines (Levene and Gross, 1959; Martin et al., 1963; Miller el al., 1965; 
O'Dell et al., 1965). 
Besides differences in the elastic fibres, the lathyritic rats also showed changes 
in the distribution and amount of collagen and reticular fibres, mast cells, meta-
chromatic cytoplasmic granules, and changes of the connective tissue mass of the 
gingiva. It has been suggested by several investigators (Gross et al., 1955 : Porter 
and Vanmee, 1949) that the fibroblasts supply the trophocollagcn which is poly-
merized into fibrils extracellularly. Thus, any disturbance in the metabolism of 
fibroblast cells can alter the synthesis of collagen. It should be mentioned here 
that cortisone is used to prevent connective tissue proliferation in early stages 
of liver cirrhosis and in instances of proliferating rheumatic diseases. These 
changes might be inter-related with the hypertrophy of the adrenal glands ob-
served in the lathyritic animals (Chapter III); as Dougherty and Schneebeli 
(1955) and Dougherty el al. (1956) have shown that cortsionc when given to 
rats induces a rounding or epitheloid type of changes in the fibroblasts. Similar-
ly, it has been shown that cortisone disturbs acid mucopolysaccharide meta-
bolism (Layton, 1950). These two changes can lead to the disturbance of the 
intracellular fibrogenesis of fibroblasts and extracellular fibrogenesis by aggre-
gation and precipitation of soluble collagen into typical fibres by addition of 
mucopolysaccharides, mucoproteins and glycoproteins. Our findings regarding 
the occurrence of swollen and vacuolated fibroblasts, and very few collagen 
fibres with differences in the pattern of their orientation does support the above 
hypothesis. 
The reticular fibres have an aminoacid composition similar to that ofcollagen 
together with the ultrastructural similarities. This has lead to the assumption 
that the reticular fibres are precursors to collagen fibres (Schultz-Haudt, 1962). 
Robb-Smith (1958) identified two types of reticular fibres, the first type are 
fine wavy fibres which do not branch, merge very closely with the developing 
collagen fibres, and later are replaced completely by collagen fibres. The fibres 
of the second type are angular, branching and argyrophillic and are found in 
the basement membrane of the connective tissue. In the present study the second 
type of fibres was severely disturbed and the first type of fibres was abundant 
as they did not convert into free collagen fibres. This can also be explained as 
being due to a disturbance in metabolism and fibrogenesis (extracellular and 
intracellular) of the fibroblasts. 
It can be concluded from the results of the present experiment that the 
changes initiated in the prenatal life have a permanent effect on the structure 
and composition of the gingival tissue of the 40 and 45 days old rats. 
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C H A P T E R VII 
THE E F F E C T OF L A T H Y R O G E N ON THE D E V E L O P M E N T 
OF P E R I O D O N T A L M E M B R A N E 
INTRODUCTION 
Several studies have been done in the past to examine the effect of lathyrogens 
on the periodontal ligament of rats (Carwell, 1956, Gardner, I959d, Knkos, 
•959) All these investigations mainly dealt with the weanling or adult rats 
kept on a Lathyrus odoratus diet for various periods of time So far no report has 
dealt with the production of lathynsm in rats during intrauterine life and the 
subsequent development of the periodontal ligament after birth The experi-
ments described in this chapter will explain this aspect of the congenital 
lathynsm They will also show whether the changes observed during the pre-
natal development of the lats had a permanent or a temporary effect on the 
postnatal development of the periodontal ligament 
M A 1 L R I A L A N D M E T H O D S 
A total of 68 rats was employed for this investigation Out of this total, 30 rats 
belonged to the control and 38 rats to the experimental group The experimental 
rats were obtained from mothers who had received 5 mg AAN, once a day, 
mtraperitoneally from day 9 to 20 of gestation 
The control and experimental rats were sacrificed in groups of 5 to 6 rats 
at the ages of 16, 20, 28, 40 and 45 days after birth Histologic sections were 
prepared, as described in Chapter II The sections were stained with haema-
toxylm-eosin, orcein, according to Goldner, van Gieson and Wilder's silver 
stain method 
Only the periodontal ligament of molars was studied in this investigation 
F I N D I N G S 
The results of the present experiments will be described under two headings 
namely, the pre-functional and functional phase The pre-functional phase in-
cludes changes in the molar teeth before and during active eruption, functional 
phase begins when the molars come into occlusion 
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Pre-funetional рішче 
This phase included 16 and 20 day old normal rats and 16, 20 and 28 day 
old experimental rats In normal rats the first molar was lying just underneath 
the oral mucosa on the day 16, and in four day older specimens (20 day old) 
it had pierced the oral mucosa In the experimental rats at day 16 and 20 the 
first molar was found lying under the oral mucosa and its appearance in the 
oral cavity was seen at day 28 
The periodontal fibres of normal rats at the cemento-enamel junction, appear­
ed to have originated from somewhere between the cementoblasts and the 
cementum The fibres were running between the alveolar bone and the reduced 
enamel epithelium Some fibres were seen entering the mesenchymal tissue and 
others towards the alveolar crest All these fibres were of collagenous nature 
(Figs VII-1 and 2) In between these collagen fibres a very thin band of re­
ticular fibres was present at some places There were no reticular fibres which 
originated directly from the cementai surface (Fig VII-2) In the middle third 
of the root the collagen fibres were seen running obliquely from the alveolar 
bone to the cementai surface The fibres on the bone appeared to have originated 
from the substance of bone (Fig VII-5) At the apical third of the root all 
fibres were running obliquely between cementum and alveolar bone 
At the area where the Hertwig s root sheath was seen bending, the fibres 
formed a network The fibres seem to have originated here from the bone and 
were directed in the occlusal direction The alveolar bone was well formed 
buccally and lingually but at the base it was not fully formed In the experimen­
tal rats very few collagenous fibres were seen running in the occlusal direction 
from the cemento-enamel junction (Figs ІГ-3 and 4) In the middle region, 
the fibres passing towards the osteogenic spicules were strongly argyrophilic 
The fibre condensation in the bony matrix was not very clear and an abrupt 
ending was seen (Fig VII-6) In the apical region of the developing root the 
fibroblasts were swollen, nuclei were rounded and showed no arranged direction 
towards the bony spicules The fibres in this region were mostly of reticular 
nature 
Functional phase 
This phase includes first molar teeth in functional occlusion To study this stage 
the normal 28, 40 and 45 day old, and 40 and 45 day old experimental rats 
were examined 
In the normal animals, the fibres were arranged in a fan-like structure at the 
cemento-enamel junction Some of these fibres entered the bone and some were 
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vu-1. 20 day old normal rat. The collagen fibres (CF) are running between reduced enamel epi-
thelium (REE) and alveolar hone (AB). Wilder's silver slain. X 200. 
vil-2. 20 day old normal rat. The light stained fibres are collagen ( CF) and the dark are reticular 
fibres (RF). Wilder's silver stain. X 200. 
VII-3 VII-4 
VII-3. 20 day old lathyritic rat. The collagen fibres (CF) are distinctly less than normals and 
are seen running between reduced enamel epithelium (REE) and alveolar bone (AB). Wilder's 
silver stain. X 200. 
VII-4. 20 day old lathyritic rat. The dark stained reticular fibres (RF) are abundant and collagen 
fibres (CF) are comparatively less in number. Wilder's silver stain. X 200. 
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vii-5 
VII-5. 20 day old normal rat. The collagen fibres ( CF) are arising from the alveolar hone (AB). 
van Gieson stain. X 400. 
VII-6 
vii-6. 20 day old lathyritic rat. No distinct condensation of the collagen fibres (CF) which are 
ending abruptly at the alveolar bone (AB), van Gieson stain. X 400. 
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vii-7 
V11-7. 45 day old normal rat. The fibres (F) are arising from the cemenlo-enamel junction 
(CEJ) in a fan-like manner. Goldner stain. X 400. 
vii-8. 45 day old lathyritic rat, there is a loss of characteristic orientation of the periodontal 
fibres in the cemento-enamel junction (CEJ) atrea. Goldner stain. X 400. 
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νπ-9. 45 day old normal raí. Showing the origin and direction of the periodontal fibres. Witder's 
silver stain. X /00. 
vu-io. 45 day old lathyritic rat. The periodontal fibres are of mixed collagen (CF) and reticular 
(RF) nature. Wilder's silver stain. X too. 
running upwards into the fibrous tissue of the gingiva (Fig. VII-7). These fibres 
were collagenous in nature as was observed by van Gieson and silver stainings. 
In the middle third of the root the fibres seemed to have originated from the 
cementai surface and were seen running straight into the alveolar bone (Fig. 
Vli-9). In the apical third, the collagen fibres were seen running obliquely 
between bone and cementai surface. There was a presence of few reticular fibres 
in the region of the intermediate plexus. The fibroblasts were spindle-shaped 
with angular nuclei (Fig. VII-11)· 
In the experimental animals functional occlusion of the corresponding first 
molars was seen on the 40,ll day, and not on the 28th day as was seen in the nor-
mal rats. The fibres did not present a clear fan-like arrangement (Fig. VII-8), as 
was observed in the control specimens at the cementoenamel junction. The 
fibres entering the gingiva were of reticular nature. The fibres which were seen 
running perpendicular to the bone surface were of mixed collagen and reticular 
nature (Fig. VI I-10). The fibres running towards the oral mucosa were fine and 
very few in number. In the middle third of the root the fibres were also of 
mixed collagen and reticular nature. The collagen fibres were very fine and 
were seen to be embedded in an amorphous ground substance. The insertion 
of the fibres was not in the bone but on the surface of the bone. 
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vu-11. 45 day old nonmd rat, showing the spindle shaped fibroblasts with angular nuclei, van 
Cieson stain. X 400. 
Ρ Ρ 
ш 
ІІ-І2. 45 day old lathyrilic rat. The fibroblasts are plump and oval with large nuclei, van 
Cieson stain. X 400. 
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The fibroblasts were palhsade-Iike arranged and were lying in the homogen-
ous ground material instead of intermingled between fibre bundles, as is nor-
mally seen. The fibroblasts also appeared plump and oval-shaped with large 
nuclei (Fig. VII-I2). 
D I S C U S S I O N 
The findings of the present chapter showed that the congenital lathynsm leads 
to maldevelopment and disarrangement of the principal fibres of the periodontal 
ligament. The findings are partly in agreement with those of Gardner (i959d, 
1960a, 1966), Knkos (1964) and Barrington and Meyer (1966). 
Gardner (igsgd) offered two reasons for the appearance of periodontal le-
sions in rats fed with a Lathyrus diet. First, that abnormal attrition forces on 
the melar teeth in occlusion weaken the malformed and disturbed fibres of 
the periodontal membrane, and second there may be a localized action of La-
thyrus toxin directly upon the ligament. Krikos and his co-workers in various 
publications (1958, 1959, 1965) also emphasized that abnormal stress due to 
functional occlusion plays an important role in the production of periodontal 
lesions in lathyrism. 
They based their conclusions on the fact that P1 and 2nd molars which were 
in occlusion in their experiments were affected but not the 3 rd molar which 
was not found in occlusion. Similarly, Hamre and Yaeger (1957) reported that 
mechanical stress plays a role in the production of exostoses and appearance 
of changes in the epiphyseal cartilage of lathyritic animals. 
The present findings do not support the conclusions of the above mentioned 
investigators completely, as periodontal lesions were found both in the prefunc-
tional and functional phases of occlusion of the molar teeth. Here again the dif-
ferences can be explained due to the difference in the period of lathyrogen admi-
nistration to the rats. The lesions found in the present study can also be explain-
ed as being due to a disturbance in the early development of the periodontium 
(Chapter FV). Furthermore, it was shown in Chapter V that 35S-suIphate fixa-
tion in the dental organ and surrounding structures was considerably less in 
lathyritic embryos as compared to the normals. This suggested a disturbed sul-
phated mucopolysaccharides metabolism. This disturbance can cause inter-
ference in the collagen cross-linking (Karnovsky and Karnovsky, 1961). The 
effect of this explanation was evident in the periodontal lesions of the lathyritic 
rats where very fine collagen fibres were lying in an unorganized irregular way 
in the amorphous ground material. 
Krikos et al. (1958) found less disturbance of the gingiva and more of perio-
dontal ligament in the lathyritic rats. They offered two reasons for this difler-
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enee, first, that there is less mechanical stress on the gingiva than the periodontal 
membrane and second that both tissues are metabolically different The results 
of the present experiment and of the previous chapter show that no appreciable 
differences in the intensity of the lesions of the gingiva and the periodontal li-
gament were evident Rather, the lesions such as disturbance in collagen, reti-
cular fibres and changes in cell morphology were almost similar 
The present findings also do not support the observations of Gardner et a! 
(1958), Knkos et al (1958), Marwah et ai (1963), and Barrington and Meyer 
(1966) that after termination of the lathyntic diet to rats, a quick recovery of the 
disturbed periodontal ligament follows In the present experiments lathynsm 
was produced in rats during prenatal life and thereafter no lathyntic agent 
was given, but until the 45u, day after birth no such recovery effect was ob-
served as reported by the authors mentioned above 
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C H A P T E R V i l i 
CELL P R O L I F E R A T I O N AND CELL F U N C T I O N 
OF T H E M E S E N C H Y M A L CELLS AS R E V E A L E D 
BY T H E N U C L E A R SIZE 
INTRODUCTION 
In Chapter VII it was described that the nuclear size of the mesenchymal cells 
in the experimental animals seemed to differ from that of the normals To study 
differences between the experimental and control groups at this particular 
cellular level, a special technique was used to determine changes m the size 
of cell nuclei 
M A T E R I A L A N D M E T H O D S 
For the determination of the nuclear size 7 μνη thick sections were stained 
according to Goldner A LE1TZ projection microscope, built for horizontal 
projection, was mounted above a plane-table and the beam was bent vertically 
on the table by means of a prism With a magnification of 2000 1 the nuclei 
were drawn from the projected contours and their size was determined with a pla-
nimeter The measured values were classified in a logarithmically divided scale 
of rhythmic doubling intervals according to Hintzsche (1945) Each doubling 
interval (log 2), which represents the double nuclear volume, was divided in 
four subclasses (1, a, b, c) Each subclass differed from the other and from the 
main classes by the factor 74 log 2 The nuclear volumes were given in relative 
units (1-8) One hundred nuclei of mesenchymal cells of the periodontal liga­
ment of 28 day old rats from two experimental groups (2 mg of ammoacetonitnle 
given from day 9 to 20 of gestation to 5 rats and 5 mg of ammoacetonitnle 
given to the same number of rats during the same period) and from a control 
group were drawn and measured by planimetry 
FINDINGS (Fig Vlll-l) 
In normal animals the distribution of the nuclear size is unlike a regular 
GAUSS-distnbution, because nuclei of a given size were more frequent (ic, 
2a, 4, 4b, 8, 8b and c) than other sizes, thus several 'maxima' were seen to 
spring up However, the maxima are not distributed in 'rhythmic' doubling 
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intervals. From this, it can be concluded that in the normal animals the mesen-
chymal cells consist of at least six cell classes exhibiting different nuclear 
volumes. From the first to the sixth class, the nuclear size varied by about 
the factor io. 
b c ö a b c 16 a 
Nuclear size (rel . units) 
v i n - i . Peicentage of nuclear size distribution of mesenchymal cells of the periodontal ligament 
of 28 day old control and lathyritic rats. 
In the experimental animals the mean nuclear volume was distinctly larger 
than in the controls, because in both experimental groups the small-sized nuclei 
were absent and the percentage of large-sized nuclei was higher. However, only 
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in animals having received 5 mg of aminoacetomtnle a small number (4%) of 
nuclei belonged to a class which was never observed in the controls (class 16) 
The base of the curve of 3 nuclear size distributions was smaller than in normal 
animals, thus, the nuclear size varied only by the factor 4 to 5 Furthermore, only 
2 or at best 3 maxima were distinguishable, but these maxima were found to 
be arranged within the scope of 'rhythmic' doubling intervals (4b, 8b and 2c, 
8, 16). 
D I S C U S S I O N 
Jacobj (1925, 1935) showed that in tissues and organs with a low rate of phy-
siological regeneration the curve of nuclear volume distribution was unlike a 
GAUSS-distnbution, because 'maxima', that means accumulations of nuclei 
exhibiting nearly the same volume, were discernible. The mean nuclear volumes 
of these maxima are in the ratio of 1.2:4:8 etc Deviations from this rule were 
observed when the normal function of the cells changed Bennmghoff (1949) 
found in instances of increased cell function an increase of the nuclear volume, 
and vice-versa a decrease of the nuclear volume when the cell function de-
creased ('Functional swelling and shrinking') Jerusalem (1962) pointed out 
that an increase of the nuclear volume can be a symptom of a cellular lesion 
e g in the kidneys after administration of alloxan, trypan blue and in instances 
of lower nephron nephrosis ('dystrophic' swelling) In both functional and 
dystrophic changes, the increase and decrease of the nuclear volume is gradual 
and does not appear stepwise and particularly not in doubling intervals More-
over, there was no increase in the number of existing 'maxima' 
According to Jerusalem and Zaki (1958) the occurrence of new cell popula-
tions with different nuclear sizes, which manifests in new 'maxima', is a charac-
teristic sign for tissues showing a high rate of cell proliferation They further 
added that the nuclei synthetize DNA which does not result in a gradual but 
in a stepwise increase of the nuclear volume They also observed that the high 
rate of mitosis, on the other hand, leads to a quick reduction of the nuclear 
volume when the cell has finished the DNA reduplication phase 
From the distribution of nuclear sizes in the experimental animals, it can be 
concluded that the proliferation tendency of mesenchymal cells is distinctly 
lower than in normals because the number of 'maxima' was reduced and the 
mean nuclear volume of these maxima was in the ratio of about 48 :16 The 
accumulation of large sized nuclei points to the assumption that the ability of 
mesenchymal cells to enter into mitosis and thus reduce the nuclear volume 
might have been delayed However, it is not a conclusive supposition that all 
large sized cells are of the tetra- and octoploid type According to Leuchten-
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berger and Schrader (ι951) the nuclear volume can increase even in doubling 
intervals though a reduplication of DNA fails to appear It is also impossible 
to exclude with any degree of certainty regarding a toxic nuclear oedema though 
it is found only in stages of acute intoxication (Jerusalem, 1962) Lathyntic 
agents may cause a long lasting alteration of membrane functions e g of ion 
transport and thus causing a 'dystrophic' nuclear swelling All the above 
mentioned deviations from the normal characteristics point to the fact that m 
the experimental animals both the normal mitotic cycle and the function of the 
mesenchymal cells was distinctly altered 
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CHAPTER IX 
P R O L I F E R A T I O N ACTIVITY OF CELLS OF THE M O L A R 
T O O T H BUDS OF N O R M A L A N D L A T H Y R I T I C EMBRYOS 
I N T R O D U C T I O N 
The findings of previous chapters suggest that a study of cell proliferation 
kinetics of various cells of the dental organ will be useful to understand the 
possible differences in the cell population of normal and lathyritic rats. Such 
a study may also help to explain the observation made by Selye (1957) and 
Kennedy and Kennedy (1962) who stated that the effect of lathyrogens is more 
on the tissues that have a higher proliferative tendency. 
Thymidine, the specific DNA precursor, is incorporated in cells only during 
DNA synthesis (Friedkin et al., 1956). After a pulse-labelling 'the incorporated 
3H-Thymidine will be diluted' successively after every cell division. Because of 
this property, it has been widely used for the study of kinetics of cell prolifera­
tion (Tonna and Cronkite, 1959; Young, 1962). 
In the present study tntiated thymidine has been used to study cell prolifera­
tion kinetics of dental tissues of normal and lathyritic rat embryos. 
MATERIAL AND METHODS 
A total of 60 embryos was studied; 30 comprised the experimental and 39 the 
control group. The pregnant rats were injected with 20 цсі tntiated thymidine 
per embryo on days, 14, 18 and 19 of gestation. Tntiated thymidine was injected 
directly into the amniotic sac of the embryos of both the groups. The details 
of the method are given in Chapter II. 
FINDINGS 
The findings will be described under three headings, namely, the initiation, cap 
and bell stages of tooth development. The numerical figures are given in 
Table IX-i. 
A. Initiation stage 
In the initiation stage the tooth germ in the normal rat embryo consisted of 
an outer and an inner epithelial layer. Whereas the outer epithelial layer showed 
72 
a moderate number of cells having labelled nuclei (8 75/10 mm2), the number 
of cells in the inner epithelial layer with labelled nuclei (2/10 mm2) was distinctly 
lower The mesenchyme surrounding the epithelium (dental sac) showed a 
fairly large number of labelled nuclei (25/10 mm2) The dental papilla is not 
yet formed at this stage 
In the experimental animals, the inner epithelial layer and the mesenchyme 
around the dental lamina showed almost the same number of cells with labelled 
nuclei as in the normals, that is 2/10 mm2 and 25/10 mm2 respectively The 
labelled cells were less in number in the outer epithelial layer (6 24/10 mm2) as 
compared to the normal embryos 
В Cap stage (Figs IX-1 and 2) 
At this stage, the number of labelled cells in the dental lamina of the normal 
embryos was quite small (4 5/10 mm2) On the other hand, the outer enamel 
epithelium showed a higher proliferative activity The counts of labelled cells 
were 38 4/10 mm2 The proliferation rate of the inner epithelial layer was also 
comparatively higher (284/10 mm2), than in the previous stage The highest 
number of labelled cells was found in the dental papilla (58 4/10 mm2), which 
is just in performance The stellate reticulum and the dental sac showed almost 
similar numbers of labelled cells in both the normal and the lathyntic groups 
In the experimental animals the dental lamina showed rather less labelled cells 
(3 0/10 mm2) as compared to the previous stage and the normals of the cap 
TABLE ix-i Mean labelled cells/10 mm2 in normal and lathyntic rat tooth germs 
Tissue 
Outer enamel epithelium 
Inner enamel epithelium 
Stellate reticulum 
Dental papilla 
Dental sac 
Stratum intermedium 
Initiation stage 
Normal Lathy­
ntic 
8 75 
2 0 
2 5 0 
6 24 
2 0 
2 5 0 
Cap stage 
Normal Lathy­
ntic 
384 
284 
825 
584 
30 0 
266 
183 
7 5 
41 6 
2 7 0 
Bell 
Normal 
0 
27 5 
0 
47 5 
3 1 0 
2 2 5 
stage 
Lathy­
ntic 
0 
175 
0 
46 0 
2 0 0 
11 0 
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K-I. l8 day old normal rat embryo. Molar toolh bud is in cap stage. The lH-Tdr labelled cells 
in the dental organ, dental sac and dental papilla. Methyl green pyronine. X 200. 
ix-2. /8 day old lalhyritic rat embryo. The iH-Tdr labelled cells are considerably less than in 
the normal (fig. IX-i ) . Methyl green pyronine. X 200. 
stage. The outer and inner epithelial layers showed 26.6 and 18.3 labelled 
cells/10 mm2 respectively. The dental papilla showed 41.6 labelled cells/10 mm2. 
In general, the labelled cells in the cap stage of the AAN treated embryos 
were considerably less in number than in the normals. 
C. Bell stage 
The outer enamel epithelium of the normal tooth buds showed almost no 
labelled cells. The inner enamel epithelium showed 27.5 labelled cells/10 mm2. 
Almost half of the labelled cells were at the site at which the Hertwig's epithelial 
root sheath will be formed. The dental papilla showed a high number of labelled 
cells (47.5/10 mm2). The dental lamina and stellate reticulum showed almost 
no activity. The stratum intermedium, the cell layer between 'ameloblasts' and 
stellate reticulum, showed a large number of labelled cells (22.5/10 mm2). The 
dental sac showed 31.0 labelled cells/10 mm2. 
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In the experimental animals also the outer enamel epithelium and stellate 
reticulum showed no proliferative activity. The labelled cells in the inner enamel 
epithelium were comparatively less frequently seen (17.5/10 mm2), as compared 
to the normal controls. The dental papilla, dental sac and stratum intermedium 
although showing a considerable number of labelled cells, i.e. 46.0, 20.0 and 
11.01 labelled cells/10 mm2, respectively, but were still less than in the controls. 
DISCUSSION 
Tritiated thymidine has been used extensively to study the development of the 
normal tooth buds, with special emphasis on growth rates of different layers 
and components, cell migration and proliferation (Starkey, 1963; Hwang and 
Tonna, 1965; Cameron and Greulich, 1963; Hwang el ai, 1966). 
In the present study 3H-thymidine was used to indicate possible differences 
in the proliferation activity and the differentiation of tooth bud cells in normal 
and lathyritic embryos. 
In the initiation stage, only the outer epithelial layer of the dental lamina 
showed 29/„ labelled cells less in the experimental animals. But taking into 
account that the outer epithelial layer can be considered as a basal layer, it can 
be concluded that the intensity of the outgrowth of the total dental lamina, 
may be delayed in lathyritic embryos. 
The cap stage is marked by two dynamic processes, first, the differentiation 
of cells of the dental lamina into potential ameloblasts and second, the induc-
tion of mesenchymal cells to condense to form the dental papilla. 
In the bell stage a recruitment of differentiated cells from a pool of un-
differentiated cells takes place. The inner enamel epithelium and the stratum 
intermedium of normal controls were found to be heavily labelled, but not the 
stellate reticulum and the outer enamel epithelium. This suggests that the inner 
enamel epithelium and the stratum intermedium are the sources of the cells in 
the dental organ of the rat. Hunt and Paynter (1963) reported that the cells of 
the stratum intermedium give rise to the cells of the stellate reticulum in the 
enamel organ of the guinea pig molar. Ten Cate (1961) reported the possibility 
of recruitment of cells by the inner enamel epithelium from the stratum inter-
medium. 
In the present study no attempt was made to trace the origin of various cells. 
However, since in the experimental embryos the number of labelled cells in the 
inner enamel epithelium and stratum intermedium was less, as compared to the 
normals, a delayed development of enamel could be expected in future, as has 
been reported by Gardner (1964). 
The labelled cells in the dental papilla and dental sac were also comparatively 
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less in the experimental group than in the normals, thus showing a low proli-
feration rate of the cells of the molar tooth buds of experimental embryos 
The data obtained from the experimental embryos point in the first line to a 
retardation of the differentiation of ameloblasts, because in the cap stage the 
inner enamel epithelium and in the bell stage both the inner enamel epithelium 
and the stratum intermedium showed the most striking decrease in number of 
labelled cells (between 36% and 51 "„) From these results a delayed develop-
ment of the enamel can be expected in lathyntic embryos, as has been seen by 
Gardner (1964) 
Though a distinctly smaller number of labelled cells in the dental papilla 
was found only during the cap stage in the experimental embryos, an overall in-
duction of the papilla formation seemed to be retarded A less dense accumula-
tion of the mesenchymal cells of the papilla observed in Chapter IV, also 
supports this finding These results, together with the finding that the prolifera-
tion rate of cells of the dental sac was also reduced, may also explain the cause 
of delayed tooth eruption observed in Chapter VII 
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CHAPTER Χ 
ULTRASTRUCTURAL ASPECTS OF THE EFFECT 
OF THE LATHYROGEN ON TOOTH GERMS 
INTRODUCTION 
During the course of this study changes were seen in the cell layers of the 
tooth germ of foetal rats whose mothers were treated with aminoacetomtrile 
from day 9 to 20 of pregnancy However, the cellular alterations could not be 
ascribed to a particular component of the cells In order to get some informa­
tion about the possible target of the lathyrogen at the cellular level a number 
of tooth buds were dissected out and studied with the help of electronmicro-
scopy 
MATERIAL AND METHODS 
The heads of 4 experimental (obtained from 2 mothers who had received 5 mg 
AAN from day 9 to 20 of pregnancy) and four control 20 day old embryos 
were fixed in buffered glutaraldehyde for 4 hours at a temperature of 4CC 
After this pre-fixation period, the heads were ready for dissection The embryo 
head was placed on a glass peln-dish containing normal saline Under a dissec­
tion microscope, the angle of the mouth of the embryo was severed, preventing 
damage to the tooth buds The area of the first molar tooth bud (bell stage) 
was readily recognised as a bulbous oval eminence The tooth buds were dis­
sected free by an incision from the crest of the ridge The tooth buds were sub­
sequently processed as described in Chapter II The sections were examined in 
a Philips EM 300 electron microscope 
F I N D I N G S 
Inner enamel epithelium 
In the normal embryos the cells of this layer were columnar in shape with 
mostly a rounded oval nucleus The nuclei had prominent condensations of 
chromatin at places There were only few membranes of rough surfaced endo­
plasmic reticulum (Fig X-i) The free nbosomes were relatively large in num­
ber, and at some places arranged to form groups off to 20 particles The normal 
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Figs. Χ-1 Ιο γ, electronmicrographs of the tooth buds of the normal and the lathy rit ic embryos. 
All sections were double stained with uranil acetate and lead citrate. 
x-l. Inner enamel epithelium of the normal rat embryo. N, nucleus: M, mitochondria; R, 
ribosomes: D, desmosome; 1С, intercellular space. X 21,000. 
x-2. Inner enamel epithelium of the lathyritic rat embryo. Note the increased amount of rough 
surfaced endoplasmic reticulum (RE), structure of the mitochondria (M) and arrangment of 
ribosomes (R). 1С, intercellular space; N, nucleus. X 13,800. 
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looking mitochondria showed transversely oriented cristae and were irregularly 
dispersed throughout the cytoplasm. 
In the experimental embryos the nuclei showed no abnormalities and the 
chromatin pattern looked almost the same as in the normal cells. The RNA-
particies were numerous and mostly arranged into rosette-like structures re-
sembling polysomes. The rosette-like structures were less commonly observed 
in the control specimens. Moreover, the cells in general exhibited more rough 
surfaced endoplasmic reticulum elements than did the normal cells. 
The mitochondria showed distinct changes in the experimental animals, rang-
ing from focal swelling of the matrix to a complete degeneration (Fig. X-2). 
The changes included an increase in size, a loss of electron density of the 
matrix, a partial or total loss of cristae and in final stages a loss of the inner 
membrane too. In instance of mild alteration, the intercristal spaces were en-
larged and in the case of severe involvement there was a distinct degeneration 
of the complete mitochondrium into a vacuole-like structure. These vacuoles 
mostly contained myelin-like figures (see also Fig. X-6). There were, however 
no other singns of focal cytoplasmic degenerations or increased lysosomal 
activity. 
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x-3. Outer enamel epithelium of the normal rat embryo. M, mitochondria; D, desmosome; N, 
nucleus; R, rihosomes. X 22,000. 
Outer enamel epithelium 
The shape of the cells of the normal embryos ranged from columnar to cuboidal. 
The cells were separated by large intercellular spaces which were continuous 
with the intercellular spaces of the stellate reticulum. The boundary between 
the outer enamel epithelium and connective tissue was demarcated by a thin 
but distinct basement membrane. The surface of the cells was more regular and 
an increased number of desmosomes was observed when compared with the 
inner enamel epithelium (Fig. X-3). There were indications of pinocytotic acti-
vity and multivesicular bodies were regularly seen. The cytoplasm contained a 
large number of polyribosomes, but the rough surfaced endoplasmic reticulum 
was not pronounced. There were also numerous mitochondria showing an elec-
tron dense matrix and well developed cristae. At some places lipid droplets 
could be seen. 
So 
The shape of the cells of the experimental embryos was similar to that of the 
normals. No differences in the number and distribution of the ribosomes and 
the desmosomes were observed when compared to the normals. The ribosomes 
also showed rosette-like arrangement as seen in the cells of the inner enamel 
epithelium. Here also, only the mitochondria showed distinct changes identical 
to those observed in the cells of the inner enamel epithelium. However, occa-
sionally the nuclei showed the presence of myelin-like figures too (Fig. X-4). 
Stratum intermedium and stellate reticulum 
These two layers will be described together because of the similarity of their 
ultrastructure, with the exception that the stratum intermedium is not as widely 
spaced as the stellate reticulum and thus the intercellular contact in this layer 
is more intense. 
8] 
Χ-5· Stratum intermedium of the normal rat embryo. N, nucleus; 1С, intercellular space: R, 
rihosomes: D, ilesmosome: RE, rough surfaced endoplasmic reticulum. X 13,500. 
In the normal embryos the cells of these layers had comparatively irregular 
nuclei (Fig. X-5). The nucleolus showed varying positions, in some instances 
it was seen very close to or in contact with the nuclear envelope while in other 
instances it showed a central position. Besides the normal looking small mito­
chondria with condensed matrix, the cytoplasm showed some small vesicles and 
numerous filament-like structures: tonofilaments. There was more rough sur­
faced endoplasmic reticulum as compared to the other layers. The intercellular 
spaces were more irregular, possibly caused by a wave-like development of the 
cellular membrane. 
In the cells of the experimental embryos, the mitochondria showed varying 
degrees of degeneration (Figs. X-6 and 7). Here also several myelin-like figures 
were seen in the degenerating mitochondria (Fig. X-6). The amount of rough 
surfaced endoplasmic reticulum was comparatively larger than in the normals. 
The other cellular components showed hardly any noticeable differences as com­
pared to the normals. 
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χ-6. Stellate reticulum and stratum intermedium of the lathyritic rat embryo. Note the presence 
of myelin figures ( MF). RE, rough surfaced endoplasmic reticulum: N, nucleus; SI, stratum 
intermedium: SR, stellate reticulum. X 8,000. 
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X-7. Stellate reticulum and stratum intermedium of the lathyritic rat embryo. Note the dege-
nerated mitochondria (M), abundance of rough surfaced endoplasmic reticulum (RE) and 
arrangment of ribosomes (R). N, nucleus. X 13,000. 
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D I S C U S S I O N 
Summarising the observations of this chapter, it can be stated that the lathyro-
gen causes a varying degree of alteration and degeneration of some cell struct­
ures particularly of the mitochondria In general especially the mitochondria 
are subject to alterations under a variety of pathological conditions (for a sur­
vey see David, 1967) Roulher (1957) and Molbert (1958) showed that in cases 
of liver damage a shrinkage of mitochondria occurs with a loss of cristae They 
further stated that the mitochondria in the progressed stages of the disease 
end-up as almost empty shells which disappear ultimately by necrosis Molbert 
(1958) also showed that induction of hydrogen cyanide can cause vacuolation 
of mitochondria and ergastoplasm of the liver cells and of most muscle cells 
within a few minutes 
Most of the enzymes of the citric acid cycle and the fatty acid cycle are housed 
in the matrix of the mitochondria The enzymes of the respiratory chain and 
the phosphorylating enzymes, however, are bound to the membranes of the 
mitochondria (De Robertis et al, 1967) The chief function of mitochondria 
is to provide energy rich adenosine triphosphate (Α Τ Ρ ) to the remainder of 
the cell Thereby, any disturbance in the metabolism of the mitochondria can 
lead to a disturbance of the overall metabolism of the cell 
In the present study, in Chapter IV an increased vacuolation of the epithelial 
cells was observed It can be stated now that some of these vacuoles originated 
from degenerating mitochondria The hydropic degeneration and vacuolation 
of the cells can be caused by a loss of energy rich Α Τ Ρ by lathyrogen and by 
subsequent changes in the metabolism of the cell 
Hartman (1956) showed that the mitochondria ofcells of the rat brain become 
vacuolated alter a low dose of cortisone, and swell up with high doses Though 
in the present study a hypertrophy of the adrenal glands of the experimental 
rats was seen, it remains open to question whether the hypertrophy can be 
correlated with a higher functional stage Since the hypertrophy was observed 
in the late nursing period and mitochondrial changes were seen in embryos, it 
seems unlikely that the degeneration of the mitochondria was caused by an 
increased endogenous cortisone production Thus, it can be assumed that the 
lathyrogen has a direct action on the mitochondria 
The abundance of polysomes in different types ofcells of the tooth bud epi­
thelium of the experimental animals can indicate that the protein synthesis was 
not disturbed by the lathyrogen Since the cell proliferation was decreased, and 
the RNA is only for self consumption in the proliferating cells, the nbonucleo-
protem particles can remain accumulated for a long period in a non-dividing 
cell The abundance of iree and attached nbosomes in the epithelial cells of the 
85 
tooth buds seems to be inconsistent with the appearance of a hydropic degenera-
tion but might be explained both by a retarded mitotic cycle as demonstrated 
in Chapter IX, and a normal synthesis of RNA which can lead to an accumula-
tion of free and attached nbosomes Slagel et al (1966) in a study on mice in 
neurolathyrism found no significant differences in RNA content of control and 
lathyntic groups. The discrepancy could be attributed to the difference in species 
and age or rodent, type of lathynsm produced and period of administration of 
the drug used in the two studies 
Though the reason for the appearance of myelin figures in the cytoplasm is 
not really known, their presence in the cytoplasm can be considered as an end 
phase of sequestration (autophagic) phenomenon Since in this study the myelin 
figures were mostly found in the mitochondria, these were probably caused 
by the degeneration of cnstae lipoproteins (Stadhouders, 1969) Myelin figures 
in the nuclei were only rarely seen, probably they were caused by a primary 
decomposition, particularly of lipoproteins One can not exclude the possibility 
that, during fixation the disintegrating lipid compounds aggregate into charac-
teristic osmiophilic bodies and become visible in this way ('phanerosis') Since 
the 'phanerosis' of lipid components is characteristic for a disturbance of cell 
metabolism (Letterer, 1959), it can be assumed that the appearance of myelin 
figures in the nuclei points to distinct alterations in the nuclear function 
On the basis of these observations it can be concluded that the lathyrogen 
causes a disturbance in the metabolism of the cells of tooth buds, by virtue of 
its direct toxic effect on the normal structure, function and metabolism of the 
mitochondria and in part also of the nucleus 
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G E N E R A L D I S C U S S I O N A N D C O N C L U S I O N S 
The present study deals with a new aspect of lathynsm, which we have called 
'congenital lathynsm' This term has been referred to in some parts of this 
thesis The term itself is self explanatory, ι e lathynsm induced in rats during 
intrauterine life Owing to this mode of producing lathynsm, the findings of 
the present study should be compared with those of others with certain reser­
vations because, as has already been mentioned, previous investigators ad­
ministered lathyntic agents to experimental animals after birth 
Various workers (Stamler, 1955a, b. Walker and Wirtschafter, 1956a, b) have 
suggested that it is impossible to produce congenital lathynsm as embryos do 
not survive when a lathyrogen is given to the mother beyond the day 16 of 
gestation In the present study when 5 mg of AAN was administered intrapen-
toneally once a day, to pregnant rats from day 9 to 20 of gestation, the majority 
ot the embryos survived This showed that an effective dose, mode and period 
of administration are important for obtaining alive rats born of mothers treated 
with lathyrogenic agents The same criterion can be applied to obtain new born 
rats from such mothers with minimal external malformations, as was done in 
the present study 
An effect of lathynsm on body weight and adrenal weight was evident After 
the age of 20 days, the body weight of experimental rats remained significantly 
less than the normals Concerning the weight of the adrenal glands an opposite 
phenomenon was observed Since until the age of 45 days no recovery effect 
was noticed, as reported by Barrington and Meyer (1966), the increase in the 
weight of the adrenal glands can be seen in the scope of a functional defect 
which leads to a decrease in cortisone production and an increase of ACTH-
release 
To explain the prenatally induced effects of lathynsm on tooth development 
a detailed examination of prenatal development was carried out by means of 
histological techniques, radioactive isotopes and electron-microscopy 
The dental buds of experimental embryos appeared disturbed at all stages 
of tooth development Besides the disarranged composition, the cells of the 
dental organ were swollen, had vacuolated cytoplasm, rounded nuclei in place 
of spindle-like nuclei and showed several pyknotic changes The electron-
microscopic observations of the epithelial cells of lathyntic tooth buds con­
firmed the presence of an increased vacuolation found by light microscopy The 
mitochondria were found to be swollen and in various stages of degeneration 
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Though a number of vacuoles may be the terminal stage of mitochondrial 
degeneration, not all the vacuoles seemed to have originated from degenerating 
mitochondria Cytoplasmic vacuoles also result from disturbances in the pro-
tein metabolism and due to an inhibition ot water in the cell The mildest 
degenerative change is a 'cloudy swelling' and the greatest is 'hydropic dege-
neration' (Anderson, 1961) The disturbance m the cell metabolism produced 
by degenerating mitochondria could have lead to various types of degeneration 
of cells and ultimately loss of stratification 
The abundance of free and attached nbosomes in the epithelial cells of tooth 
buds seemed to be inconsistent with the appearance of hydropic degeneration 
This might be explained by a retarded mitotic cycle as observed in Chapter IX, 
and a normal synthesis of R N A leading to an accumulation of free and 
attached nbosomes 
The disturbance in the early stages of tooth development of lathyntic embryos 
became more evident in the cap and bell stages The results obtained by experi-
ments employing radioactive sulphate and tritiated thymidine allowed to ana-
lyse some functional defects and deviations in cell prohteration intensity 
The inner and outer enamel epithelium layers showed a decreased radioactive 
sulphate uptake and less tritiated thymidine labelling Both layers are important 
for enamel development as cells of inner enamel epithelium differentiate into 
ameloblasts and the outer enamel epithelium is reported to be a metabolic path-
way for ameloblasts during amelogenesis Thus, a disturbance in these layers 
can cause malformations of enamel as has been observed by Dasler (1954) and 
Gardner et al (1958) in their postnatal studies on lathyrism 
The stratum intermedium showed an irregular arrangement of cells, and less 
labelling by 35S-sulphate and tritiated thymidine The importance of this layer 
has been pointed out by Marsland (1952) He showed that globular material 
in the cells of the stratum intermedium elaborates organic calcium salts which 
are then passed to ameloblasts Johnson and Bevelander (1957), and Hunt and 
Paynter (1963) demonstrated that cells of the stratum intermedium diflerentiate 
to form stratified squamous epithelium which is similar to oral epithelium 
These authors concluded that this layer helps to maintain an intact epithelial 
collar around the neck of the tooth during eruption On the basis of these 
studies it can be concluded that a disturbance of this layer can also lead to 
maldevelopment of enamel and epithelial attachment These observations of 
the present study support the findings of Gardner (1964) 
Besides epithelial alterations, a disturbance of the mesenchyme and mesen-
chymal derivatives was evident Mesenchymal changes seemed to have been 
inducted both indirectly and directly Because the first lathyntic changes were 
epithelial changes, observed m the molar buds during the early initiation stage, 
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the ability of the epithelium to induce the mesenchyme to form specific deri-
vatives is reduced. The result is a hypoplasia of the tooth buds and a disturbance 
in the development of the periodontal ligament. The presence of disturbed 
mesenchyme in later stages of tooth development suggests that a decreased 
differentiating stimulus can not be compensated. 
Changes in the nature of collagen also indicate a direct effect of the lathyritic 
agent. Earlier biochemical studies have demonstrated that these cellular changes 
can occur due to several factors such as an increase in the salt-free collagen 
(Kulonen, 1961), inhibition of enzymatic processes (Pednni and Pedrini-Milh, 
1959), and inhibition of oxygen uptake (Juva el al., 1959). The findings of the 
present study confirm the primary changes on the cellular level because the 35S-
sulphate incorporation was significantly lower in all epithelial and mesenchymal 
dérivâtes. These findings point to the importance of balanced epithelial-mesen-
chymal interactions during the normal tooth development (Koch, 1967; Hug-
gins et al., 1934; Slavkin and Bavetta, 1968). Thus, a morphological and func-
tional alteration of the epithelium will result in the malformation of the mesen-
chymal dérivâtes, when these dérivâtes are induced by the epithelium. The 
deviations in adrenal gland weights indicate that not only the surface epithe-
lium but also the glandular epithelium might have been affected by a lathyrogen. 
A disturbance of the dental sac was also observed in the embryos of AAN 
treated rats. In the present study the periodontal ligament was studied in detail in 
lathyritic rats until the 45,l^ day after birth The changes seen in the periodontal 
ligament were, disturbance in formation and distribution of collagen and retic-
ular fibres, and metabolism of fibroblasts. It has been reported by Gardner 
(1958) that these changes lead to loosening of teeth and symptoms appear 
similar to the periodontal disease observed in humans. Similarly, it has been 
shown by others that lathyrism, causes a deposition of abnormal (osteodentin) 
dentin (Krikos, 1959), and leads to a calciotraumatic response in dentin and 
pulpal haemorrhages with dilated capillaries (Gardner, 1964). The present re-
sults support these views as the dental papilla was found to be disturbed in 
lathyritic embryos, which gives origin to dentin and pulp. 
The bony and cartilaginous development in the experimental embryos was 
also found to be altered. This suggests an overall retarding effect of the lathy-
rogen on the general growth of the body. 
The changes seen during prenatal development also concern the normal de-
velopment of the gingiva of lathyritic rats after birth. Both the epithelium and 
mesenchyme appeared histologically to be malformed. The disturbance in the 
cellular morphology, sulphate-mucopolysaccharide metabolism and the low 
proliferation activity are part of alterations which cause in their entirety the 
periodontal lesions. 
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In the present study no recovery effect was seen as reported by the majority 
of authors who have done any work in this field. The explanation for this 
difference can be seen in the prenatal administration of lathyrogen in the present 
study, because the teratogenic action of drugs is more evident on organs during 
their differentiation phase. Frequently it results in irreversible changes and 
malformations, whereas the toxic effect observed in differentiated organs some-
times can be repaired. 
It was not the purpose of the present investigation to deal with the develop-
ment of each and every part of the periodontium before and after birth. Rather 
some vital components of periodontium were studied both prenatally and post-
natally in normal and lathyritic animals. The findings are discussed with those 
of others and an emphasis was placed on the implications of the malformations. 
The present investigation opens a new way of studying lathyrism, i.e. 'con-
genital lathyrism' which surprisingly has not been studied so far. Further ex-
periments on the lines of the present study will help in elaborating cause and 
mode of production of osteolathyrism and the fate of malformed organs in the 
postnatal life. 
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Lathyrism and Tooth Development 
V. Nanda, Thesis 
University of Nymegcn, 1970 
S U M M A R Y 
The purpose of the study was to investigate the influence of congenital lathyrism 
on the development of some components of the periodontium. The development 
of molar tooth buds of embryos of normal and lathyrogen treated mothers, 
was studied with histologic, autoradiographic, electronmicroscopic and biome-
trie techniques. The postnatal development of the gingiva and the periodontal 
ligament of rats whose mothers were treated with a lathyrogen during pregnan-
cy, was followed till the age of 45 days and findings were discussed in relation 
to the normal development. 
The first chapter deals with general remarks on lathyrism. It gives an account 
of its geographic distribution types, effects on embryonic and oro-facial de-
velopment, and biochemical aspects. A general description of material and 
methods employed in various experiments is given in Chapter II. 
To determine an effective dosage, mode and period of administration of 
the lathyrogen, amino-acetromtrile (AAN), a series of experiments as described 
in Chapter III was carried out. The intravenous mode of AAN administration 
was found to be more detrimental than the intraperitoneal. Similarly, almost 
all embryos died when AAN was administered from day 1 to 20 of gestation 
irrespective of the mode of administration. On the other hand, when the lathy-
rogen was given from day 9 to 20 of gestation via the intraperitoneal route the 
majority of the embryos survived. The most effective dose of AAN which 
produced a minimum of external malformations was found to be 5 mg, once 
a day. On the basis of these results in all the later experiments 5 mg of AAN 
once a day via intraperitoneal route from day 9 to 20 of gestation was given 
to pregnant rats to produce lathyntic embryos, nurslings and weanlings. 
Chapter III also deals with the body weight and adrenal weight of rats born 
of normal and lathyrogen treated mothers. Both aspects were studied in rats 
till the age of 45 days after birth. The body weight of lathyritic rats was signi-
ficantly less than that of the normals except at birth and at the ages of 15 and 
20 days. This showed a retardation of body growth in rats obtained from the 
lathyrogen treated mothers. Contrary to the findings of body weight, the weight 
of the adrenal glands of the experimental rats increased from the age of 20 days 
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as compared to the normal rats The difference in mean adrenal weight after 
the age of 20 days was found to be statistically significant This result showed 
that 'congenital lathyrism' leads to an adrenal hypertrophy 
The effect of the lathyrogen on the different stages of prenatal tooth develop-
ment is presented in Chapter IV The development of molar tooth buds was 
found to be disturbed in embryos of lathyrogen treated rats The important find-
ings of this chapter included an intracellular vacuolation and rounding of cells, 
swelling of nuclei, dilation of blood vessels with haemorrhagic infiltrations, 
pyknotic changes, loss of stratification of oral epithelium and an appearance of 
pseudo-stratified epithelium The results suggest that the lathyrogen affects the 
metabolism of epithelial and mesenchymal cells of the dental organ The find-
ings are discussed in relation to the effect of observed differences on the future 
development of various components of the periodontium 
To get an insight into the disturbed cellular metabolism, as observed in 
Chapter IV, 35S-sodium sulphate was used to study the metabolism of sulphated 
mucopolysaccharides (Chapter V) The 35S-sulphate incorporation in the first, 
second and third molar buds was studied on the day 21 of gestation when the 
first molar is in bell stage, the second molar in cap stage and the third molar is in 
initiation stage The findings revealed a significant decrease in the isotope uptake 
by different cell layers of the molar tooth buds in the embryos of lathyrogen 
treated mothers as compared to the normal embryos The possible effect of 
these findings is discussed in relation to the role played by sulphated mucopoly-
saccharides in calcification and collagen cross-linkage In addition to the molar 
tooth buds, mast cells of the skin, maxillary, palatal and mandibular bones, 
and the nasal cartilage showed a decreased 35S-sulphate fixation in experimental 
embryos, indicating an overall effect of the lathyrogen at the embryonic stage 
The results are also discussed in the light of observations reported m Chapter III 
where an effect of the lathyrogen on the adrenal glands was noticed 
The histopathological changes of the gingiva in congenital lathyrism where 
described in Chapter VI The gingival epithelium of the lathyntic rats showed a 
pseudo-stratified arrangement and bulky and broad retepegs In the mesen-
chyme a disturbance in organization, composition and distribution of collagen, 
and reticular and elastic fibres was observed The cause of all these lesions was 
attributed to the possible defective cellular metabolism, disturbance in acid 
mucopolysaccharide metabolism and defective intra- and extracellular fibro-
genesis 
To study the periodontal ligament, 38 rats obtained from lathyrogen treated 
mothers were examined histologically on 16, 20, 28, 40 and 45 days after birth 
Thirty normal rats were also studied on the corresponding days Both groups 
were examined on the basis of pre-functional and functional phases of tooth 
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eruption A disturbance of collagen and reticular fibres was noticed in the perio-
dontal ligament of experimental rats The fibroblasts showed swelling and 
rounded nuclei A delay in eruption of molars was also observed in the lathyntic 
rats The findings were discussed in the light of results of preceding chapters and 
those of other investigators 
As a parameter of cell proliferation and function, a biometrie method was 
used to study the mesenchymal cells of the periodontal ligament (Chapter VIII) 
In the normals the nuclear size differed by a factor 10, whereas, in the experi-
mental specimens it differed by a factor 5 A small group of nuclear sizes be-
longed to a class which was not observed in the controls It was concluded 
that the lathyrogen may cause a long lasting alteration of membrane functions, 
e g of ion transport and thus causing a dystrophic nuclear swelling 
Chapter IX deals with the proliferation activity of cells of the molai buds of 
30 normal and the same number of embryos from lathyrogen treated rats The 
embryos were studied at the ages of 14, 18 and 19 days Tntiated thymidine 
was injected intra-amnially and embryos were obtained after 5 hours The auto-
radiograms revealed a decreased proliferation activity showing that AAN also 
affected the proliferation of cells The findings were compared with those of 
other investigators 
The results of electronmicroscopic observations are described in Chapter X. 
The cells of molar tooth buds of the lathyntic embryos showed several intra-
cellular vacoules and degeneration of mitochondria indicating a disturbance in 
the cell metabolism Furthermore, it was suggested that a lesion of cellular 
organelles, observed in lathyntic tooth buds, can lead to the loss of typical 
stratification, cell degenerations and ultimately to the malformation of epithe-
lial derivatives 
In the General Discussion and Conclusions the important findings are co-
ordinated and inter-related with each other The possible causes of dental lesions 
produced by the lathyrogen in the present study are also indicated It is also 
suggested that future research in the field of lathynsm should be towards the 
postnatal development of prenatally treated experimental animals 
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THESES 
I 
The finding that the periodontal lesions of lathynsm in rats closely simulate 
those found in man, can help in the understanding of periodontal disease 
11 
Since the reticular fibres examined in the electron microscope reveal the 
periodicity of collagen, they do not represent a special kind of protein 
III 
In most histological studies a knowledge of the histopathology is essential 
IV 
The regeneration potentiality of tissues and organs alTected by the teratogenic 
drugs during intrauterine life seems to be very limited 
V 
Microbial culture of the contents of the root canals is a valuable aid during 
endodontic therapy 
VI 
In the treatment of periodontal disease surgery should only be considered 
after a thorough examination of the patient and when conservative treatment 
has proven to be unsuccessful 
VII 
Electromyography can help in the understanding of the etiology, and diagnosis, 
prognosis and treatment planning of periodontal disease 
VIII 
Frustration and anxiety can lead to periodontal disease 
IX 
Cooperation between orthodontist and periodontist can lead to a better con-
dition of the masticatory system of the patient 
X 
Extra attention to his physical and mental condition is of paramount impor-
tance to the dentist. 
Nijmegen, 30 January 1970 Veena Nanda 



